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ABSTRACT 
Environmental pollution has gradually assumed a serious 
magnitude and its impact on biotic and abiotic components of 
different ecosystems are being felt in many parts of the world. 
It has become a concern of international significance and in 
some parts of the world efforts are directed towards its 
containment. The emissions and effluents of various industries 
are regularly contaminating all the three segments of our 
environment-air, water and soil. Sulphur dioxide, oaone, 
oxides of nitrogen, acid rain and particulates, in general, are 
most prevalent phytotoxic air pollutants in different parts of 
the world and cause significant damages to biotic components of 
ecosystems. Sewage and other industrial discharge are 
contributing significantly towards the toxicities in water and 
soil. Heavy metals present in industrial affluents have ahoWn a 
great deal of ecotoxicological impacts on biota because of 
their extended persistence. 
Accumulation of toxic substances in the environment is 
causing serious changes in the structure and function of the 
natural ecosystem. Forests in several parts of the world are 
shrinking day by day due to long term effects of pollution. 
Pollution effects on crop ecosystems are also serious because 
of significant reductions in crop growth and yield. In some 
crops, even at low levels pollutants cause substantial damages 
because of high sensitivity of the crops or their cultivars. At 
present state of our knowledge of environmental toxicity-plant 
health, ample evidences exist to show that air pollutants and 
heavy metals significantly reduce plant growth and yield of 
several crops of economic importance. The damages results 
through pollutant induced morphological, anatomical, 
physiological and/or physiochemical disorders/abnormalities in 
exposed plemts. Since, environment is one of the important 
components of the pathosystem, it can influence the response of 
a plant species to biotic pathogens. The pollutants may 
predispose plants to greater pathogenic damages or biotic 
pathogens infecting the exposed plant may increase the 
sensitivity of plant species to the pollutant or vice-versa. 
There are reports which show both inhibition and enhancement of 
fungal or bacterial diseases by environmental pollutants. Few 
existing reports on pollutant-nematode interaction also show 
similar trend. 
In the present study on root-knot nematodes in relation to 
environmental pollution (air pollutants and heavy metal soil 
pollutants) the main objective was to assess the impact of thfe 
pollutants on pathogenesis, development and reproduction of 
root-knot nematode, Meloidogyne incognita Race 1 and their 
interactive effects the growth and yield and expression of 
pollutant induced symptoms on some commonly grown vegetables 
like tomato, eggplant and okra. Impact of the pollutants both 
in ambient and artificial exposure conditions on the crops were 
studied. For studying the impact of ambient air pollutants, a 
coal-fired thermal power plant of 530 MW capacity, located at 
Kasimpur in district Aligarh (U.P.), which consumes about 3192 
MT bituminous coal daily, was selected. In glasshouse condi-
tions, impacts of SO2, NH3 and O3 were studied on tomato in 
exposure chambers. Effects of SO2-O3 mixture and simulated acid 
rain on tomato were also investigated in artificial exposures. 
Response of tomato to heavy metals - Hg, Ni and Cu was tested 
only in artificial treatment conditions. With all the 
pollutants both in ambient and glasshouse conditions intera-
ction of root-knot nematode, Meloidogyne incognita (Race 1), 
one of the most common parasite of vegetables was studied to 
know whether pollutant and the nematode interact positively or 
negatively; predispose the plants or not to greater pathogenic 
damage or the nematode increases the sensitivity of the plants 
to the pollutants or vice-versa. The considered parameters of 
vegetable plants for the assessment of above mentioned impacts 
were visible foliar injuries (symptoms), plant growth (length 
of shoot and root), biomass (fresh and dry weights of shoot and 
root), yield (number of flowers and fruits/plant), leaf 
pigments (carotenoid, chlorophyll a, chlorophyll b and total 
chlorophyll), leaf epidermal characters (count and size of 
stomata and trichomes and size of stomatal aperture) and 
disease intensity and reproduction of the nematode (number of 
galls and eggmasses/root system). 
To study the impact of ambient air pollution caused by the 
Thermal Power Plant, Kasimpur, tomato, eggplant and okra were 
grown for 75 days during their growing seasons, in microplots 
of 75x75 cm dimension in two net-houses designated as Kl and 
K2, located about 1 and 2 km away respectively from the stack 
of the power plant, The plants of the vegetables were also 
grown in similar net-house microplots at the University farm, 
taking it as unpolluted sits for comparative assessment. 
Sulphur dioxide, nitrogen dioxide and particulates were the 
major pollutants present in air of the polluted sites, Kl and 
K2. Annual average concentration of SO2 was 0.078 and 0.182 
ppm; of NO2 0.059 and 0.072 ppm, and of suspended particulate 
matter 0.0186 and 0.00936 g/m^ at Kl and K2 respectively. The 
concentration of SO2, NO2 and SPM at the University farm was 
0.00042 ppm, 0.0004 ppm and 0.0047 g/m^ respectively. 
Seasonally, concentration of SO2, NO2 and SPM was highest 
during summer and least in monsoon (rainy season). Soil of Kl 
was almost black in colour upto about one feet deep due to 
heavy deposition of flyash. A layer of black particles 
(flyash)was formed on the leaves of all the three vegetables 
grown both at Kl and K2. This layer was most prominent at Kl. 
Particulate matter deposition on leaf surface (g/cm^) was 
0.012, 0.0068 and 0.00035 on tomato, 0.0653, 0.0184 and 0.00073 
on eggplant and 0.0243, 0.0077 and 0.00058 on okra at Kl, K2 
and control respectively. 
Marginal and interveinal browning of leaves with or 
without chlorosis appeared on tomato, eggplant and okra 
specially at K2 with slight variations. At Kl such symptoms 
were not observed except in tomato which exhibited slight 
brovming of leaf margins. Premature fail of flowers occurred 
both at, Kl and K2. At Kl plant growth and biomass of all the 
three vegetables were slightly promoted but number of 
fruits/plant decreased. At K2, significant reduction occurred 
in all the considered parameters of growth and yield of the 
vegetables. Carotenoid, chlorophyll a , chlorophyll h and 
total chlorophyll contents of leaves of vegetables were reduced 
both at Kl and K2. These impacts were greater at K2. 
Comparatively reduction in chlorophyll a was greater than 
chlorophyll b. Sensitivity of these crops to the ambient air 
pollution can be put in the following order : tomato > okra > 
eggplant. 
Air pollutants induced changes in leaf epidermal 
characters of all the three vegetables. In general, low count 
and reduced size of stomata as well as wider stomatal aperture 
and high count and prolonged length of trichomes were found on 
leaf surfaces of plants grown at Kl and K-2. All these 
morphological alterations were greater at K2 than Kl. 
The interaction of ambient air pollution and root-knot 
nematode, Meloidogyne incognita Race 1 on tomato, eggplant and 
okra was studied in clay pots placed at Kl, K2 and the control 
site. Artificial inoculations were done, after one week of 
transplanting of tomato and eggplant seedlings and thrfte weeks 
after sowing of okra seeds, by adding 2000 freshly hatched 
second stage juveniles of U. incognita Race 1 in pots 
designated to receive the nematode inoculum, according to the 
treatments. The leaves of vegetables exhibited browning and 
chlorosis as observed in ambient air pollution impact studies 
in microplots. Well recognizable layer of black particles was 
formed on the leaves at Kl. No difference in the intensity of 
symptoms was noticed between nematode inoculated and 
uninoculated plants. 
Growth and yield of all the vegetables were reduced at 
both the polluted sites (Kl and K2). Significantly greater 
reductions occurred at K2. ij. incognita Race 1 acting alone at 
the control site caused significant reduction in all the 
considered parsoneters of plant growth, yield and leaf pigments. 
In general nematode and air pollutants together showed positive 
interaction and reduced plant growth, yield and leaf pigments 
of the vegetable synergistically. Such synergistic effects of 
their interaction were more apparent at K2, where 
concentrations of SO2 and NO2 were greater than Kl. Relatively 
chlorophyll a was more sensitive to air pollutants than 
chlorophyll b. Intensity of root-knot disease (number of 
galls/root) and reproduction of the nematode (number of 
eggmasses/root) were enhanced at the polluted sites. 
Counts and sizes of stomata and trichomes as well as 
stomatal aperture size were affected by the nematode and air 
pollutants. These alterations in leaf epidermal characters 
resulted from the plant response to the nematode or exposures 
to air pollutants or to their combined effect. Stomata and 
trichomes counts and stomatal aperture size were reduced on the 
leaf surfaces of nematode infected vegetables. Pollution 
stressed vegetable plants in clay pots exhibited similar 
alterations as observed in plants grown in microplots at Kl and 
K2. These induced variations in leaf epidermis were further 
enhanced when nematode inoculated plants were under pollution 
stress, highest being in inoculated plants at K2. 
Interaction of SO2/NH3/O3 and H. Incognita Race 1 on 
tomato was investigated separately in glasshouse conditions in 
exposure chsunbers using three modes of sequential inoculation-
exposures i.e. pre-, concomitant and post-inoculation exposures 
of each gas at 0.1 and 0.2 ppm. Browning and Chlorosis of 
leaves by SO2, browning of leaf margins by NH3 and small 
chlorotic dots by O3 were the prominent foliar symptoms 
especially at 0.2 ppm. These symptoms (except NH3) were more 
severe and appeared earlier in nematode inoculated-exposed 
plants. 
SO2 and O3 at 0.2 ppm significantly reduced plant growth, 
yield and leaf pigments of tomato. At 0.1 ppm significant 
reductions at were caused by SO2 only. NH3 at 0.1 ppm slightly 
promoted the plant growth. Reductions caused by NH3 at 0.2 were 
not significant. The air pollutants and the nematode, in 
general, interacted synergistically. Greater reductions were 
recorded in inoculated exposed plants than the uninocuXated 
exposed plants. Among the modes of sequential treatments, 
highest reductions occurred in post-inoculation exposures at 
0.2 ppm SO2/O3, followed by concomitant-inoculation exposures. 
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However, NH3 at 0.2 ppm caused greater reductions in pre-
inoculation exposure. 
The interactions between the nematode and air pollutants 
affected the disease intensity and nematode reproduction. 
Intensity of root-knot disease (number of galls/root) was 
enhanced in exposed plants, highest being in concomitant - and 
post-inoculation exposures at 0.1 and 0.2 ppm SO2 respectively. 
Reproduction of M- iacognita Race 1 (number of eggmasses/root) 
was, however, suppressed. 
Response of leaf epidermal characters to S02/NH3/Oq and 
the nematode, in general, was similar to those observed in 
earlier study. Number and size of stomata were reduced but 
count and size of trichomes and size of stomatal aperture were 
increased in pollutant exposed plants. Lowest count and siae of 
stomata and widest stomatal aperture and highest count and 
increased length of trichomes were noticed in post-inoculation 
exposure at 0.2 ppm SO2/O3. Relative efficacy of these 
pollutants in terms of different alterations induced by them in 
plant growth, yield, pigments and epidermal characters was SO2 
> O3 > NH3. Treatment wise post-and concomitant-inoculation 
exposures at 0.2 and 0.1 ppm SO2/O3 respectively, were most 
unfavourable for growth; yield and other parameters of tomato. 
I..pact of SO2-O3 mixtures on tomato and their interaction 
with M- incognita Race 1 were studied in exposure chambers 
using all possible combinations of 0.0, 0.1 and 0.2 ppm of each 
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gas in the mixture. Nematode (2000 Jg/plant) was artificially 
inoculated at the time of start of first exposure (concomitant-
inoculation-exposure). SOo"©^ mixture induced more pronounced 
foliar symptoms than induced by them individually. However, 
symptoms attributable to SO2 were dominant over those of O3. 
SO2 (0.2 ppm) and O3 (0.1 and 0.2 ppm) mixtures acted 
synergistically and caused greater reductions in all the 
considered parameters of tomato than the sum of their 
individual effects. Synergistic interactions between nematode 
and mixtures on different parameters of tomato were also 
noticed in inoculated plants exposed to SO2 + Og at 0.2 •- 0.2 
ppm and 0.2 + 0.1 ppm. Cumulative effect of SO2, O3 and the 
nematode on leaf epidermal characters was same as induced by 
them individually. However, in mixture the intensity of 
alterations in count and size of stomata and trichomes and 
stomatal aperture was further enhanced. These impacts were 
enhanced in inoculated plants exposed to S02-0g mixture. In 
general, disease intensity was enhanced, while reproduction of 
the nematode was suppressed in SO2-O3 mixture exposed plants. 
Interaction of simulated acid rain and Ij. JTP|CogPi"ta Race 1 
on tomato was studied in artificial treatment conditions by 
spraying sulphuric acid solution at pH 6.6 and 3.2 sepa?:at©ly, 
equivalent to 10 mm rain. For interaction of acid rain and the 
nematode, three modes of sequential inoculations via., pre-, 
post- and concomitant inoculation exposures were used for each 
pH. Simulated acid rain at pH 3.2 induced bifacial white to tan 
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coloured irregular lesions in interveinal areas and marginal 
chlorosis in tomato leaves. These symptoms were more intense in 
nematode inoculated acid rain treated plants. Simulated acid 
rain at pH 3.2 caused significant reduction in growth, yield 
and leaf pigments of tomato. These reductions among the modes 
of inoculation-exposures were greatest in post-inoculation 
exposures at pH 3.2. Acid rain at pH 6.6 did not cause 
significant reductions. However, in pre-inoculation-exposure 
at pH 6.6 significant reductions in comparison to inoculated 
unexposed plant were observed in different parameters. The 
nematode and simulated acid rain caused synergistic reductions 
in considered parameters of tomato in post- and J>re-^  
inoculation exposures at pH 3.2 and 6.6 respectively. 
The disease intensity and root penetration and 
reproduction of M. incognita Race 1 were significantly 
increased in all the modes of treatments at pH 6.6. However, at 
pH 3.2 significant decrease was recorded. Simulated acid rain 
at pH 6.6 decreased count and size of stomata but increased 
trichome count and size. However, a drastic decline in count 
and size of stomata and trichomes and increase in stomatal 
aperture was noticed at 3.2. These impacts of acid rain Were 
further enhanced in inoculated exposed plants. 
Since better plant growth of vegetable crops was obtained 
at a site (Kl) in the vicinity of the Thermal Power Plant, 
Kasimpur and soil of this site had heavy accumulation of 
flyash, impact of this soil on growth, yield and leaf pigmept of 
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tomato and its interaction with H. iqcognita Race 1 was studied 
in glasshouse conditions. The Kl soil promoted better plant 
growth. Significant increases were recorded in all the 
parameters of tomato in inoculated and uninoculated plants. 
Significant decreases in the disease intensity and root 
penetration and reproduction of the nematode were also observed 
in Kl soil. Increase in growth, yield, etc. in K2 soil was not 
significant. Significant decreases in different parsunetet^ were 
noticed in inoculated plants grown in K2 soil. In this 
treatment intensity of root-knot disease and penetration and 
reproduction of the nematode were significantly enhanced. 
To study the interaction of flyash and M.incognita R^od 1, 
10 mixtures of flyash (10, 20 100%) and soil were 
prepared. At all the levels, flyash ameliorated plant growth 
and increased the yield of tomato. Plants grown in flyash 
amended soil exhibited luxuriant growth with dark green leaves. 
Significant increase in considered parameters of tomato 
occurred from 50-90%, highest being in 70 and 80%. At 10-30% 
flyash levels, plant growth, yield and leaf pigments were 
reduced in nematode inoculated plants. However, from 40% and 
onward adverse effect of the nematode was suppressed. Growth, 
yield etc. were enhanced in inoculated plants, highest beii^ g at 
70 and 80%. Intensity of root-knot disease, root penetration 
and reproduction of the nematode were promoted in 10-40% flyash 
while it decreased in 50-100% flyash amended soils. In first 
three concentrations (10-30%) nematode showed positive 
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interaction with flyash while with rest of the concentrations 
the interaction was negative. Over all 70 and 80% flyash levels 
were found most suitable for better growth and yield of tomato 
both inoculated and uninoculated plants. 
Interaction of heavy metals (Hg, Ni and Cu) and M. 
incognj-ba Race 1 was studied in glasshouse condition using five 
concentrations viz. 10, 50, 100, 200 and 400 ppm. Chloride 
forms of these metals were used as sources. Metal treatments 
specially at higher concentrations induced marginal and 
inteirveinal chlorosis, abnormally small leaf size, premature 
fall of leaves and flowers and wilting of leaves and overall 
stunted appearance of tomato. All the concentrations of Hgf) Ni 
(except 10 ppm) and Cu (except 10-200 ppm) used significantly 
reduced growth, yield and leaf pigments of tomato. 
Mercury at all the concentrations reduced intensity of 
root-knot disease and root penetration and reproduction of the 
nematode. However, Ni (except 400 ppm) and Cu at all the used 
concentration were favourable for penetration, disease 
intensity and the reproduction of the nematode. Nematode and Hg 
interacted positively at 10 ppm and at rest of the 
concentrations negatively. Mercury was toxic to both tomato and 
the nematode. However, Ni (except 400 ppm) and Cu interacted 
positively with the nematode leading to synergistic reductions 
in the considered parameters of tomato. Heavy ittetal treated 
plants showed decreased count and size of both stomata and 
trichomes. These effects were most pronounced in nematode 
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inoculated metal treated plants. In general, impact of heavy 
metals on different considered parameters of tomato was 
concentration dependent and relative toxicity was in the order: 
Hg > Ni > Cu. 
It is evident from the present investigations carried out 
in ambient condition that vegetables grown around coal-fired 
power plant suffered significant losses in plant growth and 
yield. Similarly, studies in artificial treatment conditions 
suggested that SO2 and O3 specially at 0.2 ppm and simulated 
acid rain at pH 3.2 were greatly harmful for the cultivation of 
tomato. Heavy metals also induced significant reductions itt 
growth and yield of tomato, depending upon the metal and its 
concentration. The most significant of all the adverse effects 
of the pollutants was the increase in the root-knot disease in 
the form of greater root galling caused by U. incopnit^ Race 1 
on the vegetables. The nematode infected plants showed greater 
sensitivity to the pollutants. Flyash at higher levels (60-80%) 
in soil was, however, beneficial for the growth and yield of 
tomato and at the same time suppressed root-knot disease. 
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INTRODUCTION 
Environmental pollution caused by various kinds of 
pollutants originating from different industries and from other 
human activities, is becoming increasingly common and endangering 
the survival of living organisms on the earth. The process of 
modernization, rapid industrialization and urbanization for 
modem living and better quality of life for world's teeming 
population, would further aggrevate the already existing state of 
the environmental pollution. 
Air pollution causing pollutants are of two types, based on 
their origin i.e. primary type and secondary type (Wood, 1968). 
Primary air pollutants originate at the source in a form toxic to 
living organisms. Such pollutants may be in gaseous or 
particulate forms. Important gaseous air pollutants are sulphur 
dioxide, oxides of nitrogen, fluorides, ammonia etc. The 
particulate air pollutants are flyash, cement dust, coal dust, 
soil dust, suspended particulate matter etc. The secondary air 
pollutants are produced by reactions of primary gaseous air 
pollutants. Photochemical pollutants like ozone and peroxyacetyl 
nitrate are of such origin. Some gaseous air pollutants specially 
sulphur dioxide and nitrogen dioxide, in high humid conditions 
are converted into corresponding acids (H2SO4 and HNO3), which 
fall on ground in the form of 'acid rain' during the atmospheric 
precipitation (Oden, 1968). 
Role of air pollutants in causing injuries and disorders in 
plants has long been realized. Air pollutants adversely affect 
growth, biomass and yield of crop plants and trees (Mudd and 
Koslowski, 1975; Heck £k A1-> 1986; Heggestad, 1988). Qaseous air 
pollutants enter the leaves through stomata and cause injuries 
directly in the leaf tissue or interfere in biochemical reactions 
(Pell, 1979). Particulate air pollutants mostly fall and deposit 
on leaf surface, form a crust and plug the stomatal cavity which 
interfere in transpiration and other physiological processes 
(Darley 1988; Svellng 1969; Ricks and Williams, 1974; ShiBson and 
Darley, 1975). Particulates are not toxic to plants unless they 
are highly caustic by nature, or present in high concentration 
(Beck fii fll-, 1970). Acid rain causes primarily, the 
acidification of water and soil which harms the growing plants. 
It may directly injure plant, parts (DuBay and Beagle, 1987; 
Irwin and Williams, 1988). Herbaceous plants are more vulnerable 
for direct acid rain injuries than woody plants (Agrios, 1988). 
In recent years heavy metals have received much attention in 
ecotoxicology research because of their increasing input into the 
environment, extended persistence and widespread toxicity to the 
biota. The heavy metals have atomic number greater than that of 
iron or have a density greater than 5g/cm (Passaw at JBLL-> 1961). 
The industrial effluents from industries like refineries, metal 
smelters, caustic soda industries, paper mills, soap factories, 
fertilizers and pesticide manufacturing industries, electro-
plating units etc. contain heavy metals in an amount toxic to 
plamts (Schraufna^el, 1962; AJmal sii siL-, 1984; Blsessar sji AI. , 
1983). Heavy metals present in these effluents may reach the 
cultivation units through the irrigation and can adversely affect 
the vegetation of the area. Adverse effects of heavy metals on 
crop pl6uits like celery, tomato, lentil etc. have been reported 
both in ambient and artificial treatment conditions (Blsessar ai 
al., 1983; Hale fi£ ^ . , 1985; Khan fii fll. , 1987, 1988a). 
Root-knot nematodes fMeloidogyne species) are one of the 
most devastating group of plant parasitic nematodes, as they have 
exceedingly wide host range and interact with other plant 
pathogens. Meloidogvna incognita (Kofoid and White, 1919) 
Chltwood, 1949; JJ. .iavanica (Treub, 1885) Chitwood, 1949, fj. 
arenaria (Neal, 1889) Chitwood, 1949 and if. hapla Chitwood. 1949 
are most widely distributed species (Sasser, 1980). M. in^ QjptpJt'^  
is the commonest and most widespread and attacks crops outdoors 
as well as in greenhouse. Many plant species suffer considerably 
due to its attack (Lambertl, 1979; Sasser 1979). General 
estimates of the losses of the vegetables in different regions of 
tropics due to root-knot nematodes varies from 5-43% (8aaser, 
1979). In areas where management practices for root-knot 
nematodes are not practised, average crop yield losses are 
estimated about 25%, with damage in individual fields upto 60% 
(Sasser, 1980; Sasser and Carter, 1982). 
In nature, plants are exposed to a variety of biotic and 
abiotic pathogens and plants often suffer from more than one 
disease at a time. Synergistic interaction between biotic 
pathogens particularly between plant nematodes and other plant 
pathogens have been recognized on many different crop plants 
(Powell, 1971, 1979), Root-knot nematodes also interact with a 
number of plant pathogens (Taylor, 1979; Webster, 1985; Sikora 
and Carter, 1987). Interactive effects are generally non-
beneficial to the host. Interactions between root-knot nematodes 
and several root-infecting fungi like species of Ffinarl Hm r 
RbisQgtoaia. fythimn. YertlcilliWB, Sclearotiwrn. etc. are well 
established (Powell, 1971, 1979; Khan, 1984). In nature 
interaction between biotic plant pathogens and air pollutants 
(abiotic pathogens) may also develop under specific conditions 
(Pell, 1979)/. This type of interaction has received very little 
attention of all those concerned with the health of plants. Some 
efforts made in this direction have shown that air pollutants 
influence the ability of viruses, fungi and bacteria in causing 
diseases in plants (Treshow, 1975; Beagle, 1982; Khan and Khan, 
1989b). Koslowska (1981) observed harmful effect of industrial 
dust on the nematode, Panagrolatmua rlgldua. It has been observed 
that in soybean plants, exposed to ozone and sulphur dioxide 
singly or in combination, the reproduction and development of 
g9t9Xr<?dQya glycine and Paratrlchodorua ffiiofiT was inhibited, while 
BeloBQlfliHittS lOBfilgflWdfltwa remained unaffected. However, 
reproduction of Pratvlenchua penetr^ mflf was enhanced, when exposed 
to SO2, in comparison to the plants exposed to charcoal filtered 
air or O3 (Weber fit A1-> 1979). The presence of £. penetrans 
attacking the roots enhanced the negative effects of O3+SO2 on 
the leaf growth and dry-weight of tomato (Shew £k fll-, 1982), 
Root-knot nematode. U. hapla infected tobacco plants have been 
found to be more sensitive to ambient ozone (Biseasar and Plamor, 
1984). Discernible effects may be expected in multipathogenic 
situations where pollutants (abiotic pathogens) and root-knot 
nematodes (biotic pathogens) interact. 
The use of waste and polluted water for irrigation may raise 
serious problems for plcmts. Cole si A1> (1969) stated that 
pollutants of this kind increase the prevalence of rootdiseases 
and predispose the plants to pathogenic damage. Cooke (1956) 
isolated several plant pathogenic fungi from sewage and polluted 
water. Heavy metals are known to inhibit microbial activity 
(Babich and Stotzky, 1982; Haliszewska £b A1. , 1985). It is 
believed that poor growth of the plants grown in such polluted 
soil might be due to reduced activity of the soil microflora 
which are beneficial to plant growth in addition to the direct 
effect of heavy metals on the roots of the plant. Khan sit al. . 
(1987, 1988a) observed decreased number of functional rhisobial 
nodules on lentil roots treated by Ni and Co separately, in 
artificial treatment conditions. Biseasar si JSLL> (1983) reported 
greater incidence and severity of the disease caused by f). hapla 
on celery in a soil containing higher concentrations of Ni, Cu 
and Co in the vicinity of a nickel refinery in Canada. 
In India, environmental pollution due to various kinds of 
industries, power plants, refineries and automobiles is becoming 
increasingly common. These industries release SO2, Nox, HF, NH3, 
coal dust, cement dust, flyash in the form of air pollutants and 
industrial effluents and waste materials containing heavy metals 
in the fonn of soil/water pollutants. A number of vegetables are 
grown in crop fields around the industries i.e. in the 
environment loaded with different pollutants. So the plants might 
suffer a great loss in case one or the other disease becomes more 
aggressive under specified polluted conditions. The manifestation 
of phenomenon of interaction under such conducive environment 
needs to be examined in relation to crop performance. 
Pollutants may affect parasitism of root-knot nematodes in 
different ways. Parasitism may be favourably or adversely 
influenced through a direct effect of the pollutant on the 
parasite or the effects may be indirect through pollutant induced 
chcinges in the host plant or through changes in other aspects of 
the environment. The main objective of the present study was to 
explore the possibility and to ascertain the nature of 
interaction between root-knot nematode and air pollutants and 
heavy metals and their interactive effects on the host. Whether 
the interaction between the two is synergistic or antagonistic 
and the interactive effect is harmful or beneficial to the host 
or there is no interaction between them were some of the basic 
questions that were tried to be answered by the present 
Investigations. 
For studying the interaction of air pollutants and root-knot 
nematodes infecting the vegetables crops and their interactive 
effects on crop performance, a thermal power plant situated at 
Kasimpur, Aligarh (O.P.) about 15 km away from the Aligarh Muslim 
Oniversity Campus within parallel 27*^ 29' and 28^11' north 
latitude and 27*^ 29' and 78°38' east longitude at 640 ft- above 
the sea level was selected as an experimental (polluted) site. 
The impacts of ambient air pollution on the vegetable crop 
extensively grown around the power plant and root-knot nematode, 
which is the major pathogen causing damage to these crops in the 
area were ascertained. This thermal power plant of 530 MW 
capacity consximes 3192 MT bituniinous type coal dally. Studies on 
the effects of air pollutants - sulphur dioxide, ozone, ammonia, 
simulated acid rain of H2S0^ and heavy metals -mercury, nickel 
and copper were done in controlled conditions in glasshouse under 
Jirtificial treatments. For their impact assessment following 
parameters were considered: 
1. Plant growth (length and fresh and dry weight of shoot and 
root), 
2. Yield (number of flowers and fruits/plant). 
3. Leaf pigments (carotenoid and chlorophyll a, chlorophyll b 
cmd total chlorophyll content). 
4. Leaf epidermal characters (number of stomata and 
trichomes/unit area, size of stomata and trichomes and size 
of stomatal aperture). 
5. Intensity of root-knot disease (number of galls/root) and 
reproduction of the nematode (number of eggmasses/root). 
For all the parameters, average, per cent enhancement (+) or 
reduction (-) were calculated. The data were further analysed 
statistically for significance at P=0.05 and P=0.01. 
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To study the above aspects following experiments were 
conducted. 
Site Studies 
Exp. I. Effect of ambient air pollution on tomato, 
Lvcoperalcon eaculentum. eggplant, Solanvm IBQlQnfiena 
and okra, Abelmoschus esculentua in mlcroplots. 
Exp II. Interaction of ambient air pollution and root-knot 
nematode, Meloidogyne incognita Race 1 on tomato, 
eggplant and okra. 
Glasshouse Studies 
Exp.Ill Interaction of air pollutants and root-knot 
nematode, Meloidogyne JncOfflBltft Race 1 on tomato. 
Exp.IV Interaction of 802*03 mixture and root-knot nematode, 
Meloidogyne Incognita Race 1 on tomato. 
Exp.V Interaction of simulated acid rain and root-knot 
nematode, Meloidogyne ABQQfinJta Race 1 on tomato. 
Exp.VI (1) Interaction of flyash polluted soil and root-knot 
nematode, Melodlogyne Incognita Race 1 on tomato. 
Exp.VI (2) Interaction of flyash and root-knot nematode, 
MeloidQgype iago«alta Bace 1 on tomato. 
Exp.VII Interaction of heavy metal soil pollutants and root-
knot nematode, MglQldofiyHQ Incognita Race 1 on tomato. 
LITERATURE REVIEW 
Air is an important limited natural resource vital to living 
organisms. The quality or chemical composition of its minor 
constituents often varies as a result of the emission of 
cont«iminants from man's activities. A huge amount of toxic 
materials originating from different kinds of industries and from 
other human activities are released into air, which ultimately 
impure our atmosphere. More than a century ago, Cameron (1874) 
observed that factory smoke had SO2 which caused disease in 
plants. It is now well recognized that air pollutants injure a 
variety of economically important crops and cause significant 
yield losses (Darley and Mlddleton, 1966; Heggestad, 1968; Smith, 
1968: Hepting, 1968; Mudd and Kozlowski, 1975; Heck fij^ Al., 1984, 
Kress sit A1-» 1986; Heggestad, 1988). Crop losses due to air 
pollutants may be up to 90% (Heck sit AL-» 1982). Air pollutants 
also alter the susceptibility of plants to biotic pathogens like 
fungi, bacteria, viruses etc. (Heagle, 1973, 1982; Treahow, 1975; 
Vargo fit al-. 1979; Laurence fit al-. 1981; Khan and Khan, 1989b). 
Wood (1968) differentiated air pollutants in two basic 
categories, on the basis of their origin, i.e. primary pollutants 
and secondary pollutants. Primary pollutants emanate from their 
sources in a form toxic to living organisms. They are further 
differentiated into gaseous or particulate depending upon their 
forms. Sulphur dioxide (SO2), oxides of nitrogen (NOx), hydrogen 
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fluoride (HF), ammonia (NH3), carbon monoxide (CO) etc. are 
gaseous air pollutants. Coal dust, cement dust, brick kiln dust, 
flyash, soil dust, suspended particulate matter (SPM) etc. are 
the particulate air pollutants. Secondary pollutants are formed 
by the reactions of primary pollutants e.g. photochemical 
pollutants like ozone (O3), peroxyacetyl nitrate (PAN) etc. Some 
gaseous air pollutants are responsible for acid rain. SO2 and NO2 
in high humid conditions are converted into corresponding acids 
i.e. H2SO4 and HNO3, and during atmospheric precipitation fall on 
ground in the form of 'acid rain' (Oden, 1968). 
AIR POLLUTANT EFFECTS ON CROP PLANTS 
The first report on disease incited on plants by factory 
smoke coming out of burning of gases appeared in 1874 (Cameron, 
1874). However, study on air pollution effects on vegetation did 
not start prior to mid-1940's. A new kind of plant injury noticed 
in Los Angeles area of U.S.A. in 1950 attracted interest and 
concern of all those concerned with the health of plants (Darley, 
1968). Now, there are numerous reports of air pollutants effects 
ranging from alterations in plant physiology and biochemistry to 
visible symptoms of chlorosis, necrosis, early senescence, 
stunting etc. (Treshaw, 1970; Mudd amd Koslowskl, 1975; Beck si 
al-1 1986). The disease induced by abiotic factors e.g. air 
pollutant, drought, extremes of temperature have many features in 
common with those induced by biotic pathogens. For this reason. 
Cowling and Horsfall (1979) suggested to use term 'pathogen' to 
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denote any inducer of disease, irrespective of its living or non-
living nature. The injury and its severity due to pollution 
depends upon the type of air pollutant, concentration and 
exposure period (Darley and Middleton, 1966; Brandt and Beck, 
1968a and i968b; Jacobson and Hill 1970). In addition to 
physiological, biochemical and morphological changes, air 
pollutants also induce anatomical abnormalities in plants 
specially in foliar parts. Air pollutants alter epidermal 
characters of leaf (Treahow 1970; Dnsworth fi4 A1-> 1972; Levin, 
1973 Black and Onsworth, 1980). Leaf epidermis being the outer-
most protective layer, exhibit some modifications which decrease 
the influence of air pollutants Zaidi fii aX-$ 1979). Trichomes 
play major role in offering a protective layer to plants against 
gaseous or particulate air pollutants (Levin, 1973). Greater 
trichome frequency and their increased length have been observed 
on air pollution stressed plants (Zaidl <sjt ^-, 1979; Gupta and 
Ghouse, 1987). Reduction in frequency and size of stomata in the 
leaves of plants growing in coal fired smoke polluted area has 
been recorded (Gupta and (Shouse, 1987). Black and Onsworth (1980) 
observed wider stomatal apertures of SO2 exposed plants. 
Effect of primajrv gaaeoua air pollutanta 
SDLPHOR DIOXIDE 
Sulphur dioxide has been known to cause plant injuries for 
more than 100 years. Its concentration varies from place to place 
depending upon the amount and concentration of emissions, 
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distance from source, meteorological and topographic conditions 
and is generally inversely proportional to the distance from 
source and wind velocity. Sulphur dioxide concentration near 
point sources such as coal burning power plants, smelters etc. 
with no or little pollution control equipments may be as high as 
1 to 3 ppm. In large urban areas SOg concentration may vary from 
0.05 to 0.40 ppm (Beagle, 1973). 
Sulphur dioxide induces development of several types of 
symptoms on plants. In leaves after entering through stomata, it 
reacts with water in mesophyll cells to produce sulphite ion 
which is slowly oxidized to sulphate ion. It may be utilized by 
the plant and converted to organic forms (Thomas fii al-. 1944). 
The sulphite and sulphate ions are toxic to plant cells when 
present in excess. The sulphite ions are, however, about 30 times 
more toxic than sulphate ions (Th<»ias fit A1., 1943). First case 
of SO2 injury to plant in U.S.A. was recorded in 1905 by Haywood 
(Haywood, 1905). Barrett and Benedict (1970) gave an illustrated 
account of the symptoms induced by SO2. Chronic and acute 
markings (symptoms) appear on leaves due to accumulation of 
sulphite ions. Mild chlorosis, yellowing of leaves, and silvering 
or bronzing on abaxial side are the main chronic symptoms. In 
some plants red, brown or black coloured patches also appear. 
Marginal or inter-costal areas of dead tissue are the acute 
symptoms. The dead or necrotic areas after a short span of time 
may fall out, leaving a ragged appearance of leaf. When major 
portion of leaf is so injured, leaf is shed due to formation of 
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abscission layer at the base of petiole. Low concentrations of 
SO2 produce chlorosis of leaves without necrotic lesions and 
veins characteristically remain green (Darley and Middleton 1966; 
Afirlos, 1988). 
The degree of SO2 injury in plants varies with the time of 
day. Sulphur dioxide injury occurs during the day, when stomata 
remain open (Katz, 1939; Thomas, 1951). Moisture stress greatly 
decrease the sensitivity of plants to SO2 because under such 
conditions stomata also remain closed (ZlnsBeman, 1952). 
Sensitivity of plants to SO2 also varies seasonally (Cormis, 
1973). The physiological conditions and age of plant are also 
important factors (Tamm and Cowling, 1976). 
Generally, net photosynthesis is reduced in all the plants 
even at low concentrations of SO2. However, dark respiration and 
transpiration rates increase in both short and long exposure 
durations (Black and Onsworth, 1979, 1980; McLaughlin flj^ al.. 
1979; Tak<NBoto and Noble, 1982; Saxe, 1983a, 1983b). Plants 
generally show rapid recovery of these processes after 
termination of exposure. Several workers have observed increased 
enzymatic activity in some plants exposed to low levels of SO2 
and decreased activity at high concentration of SO2 (Horawan and 
Wellbum, 1977; Soldatlni and Ziegler, 1979; Wyss and Brunold, 
1980; Pierre and Queiroz, 1982; Tanaka £tJti al-, 1982). Plant 
metabolism is affected by SO2 in various ways. SO2 stimulates 
phosphorus metabolism (Plesnicar, 1983) and reduces foliar 
chlorophyll concentration (Pandey and Rao, 1978; Lauenroth and 
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Dodd, 1981; Gupta and Ghouse, 1987). Sulphur dioxide appears to 
be responsible for making the photooxidation of chlorophyll 
molecules irreversible, resulting in an irreversible injury 
(Varsfaney and Garg, 1979). Carbohydrate levels increase in low 
doses of SO21 while decrease in high concentration (Koziol and 
Jardon, 1978). 
Adverse effects of SO2 on physiology and biochemistry, 
significantly affect the growth, development and productivity of 
the plants. Plant processes such as flowering, fertilization and 
fruit and seed development are influenced by sublethal doses of 
SO2 (?arshnoy and Garg, 1979). Sulphur dioxide is reported to 
diminish pollen fertility and growth of pollen tubes leading to 
failure of fertilization (Llnzon, 1978), The effects of SO2 have 
been studied by several workers on plants both in glasshouse and 
ambient condition. Reductions In plant growth, blomass and 
productivity have been demonstrated in a number of crop plants 
like wheat, maize, soybean, groundnut, snapbean, tobacco, 
cucumber, tomato etc. (Pandey and Rao, 1978; Laurence, 1979; 
Mejstrlck, 1980; Mlshra, 1980; Sprugel stt sJk-, Saxe, 1983b; 
Lostein fijf A1. , 1983; Kress fij^ i^., 1986). 
OXIDES OF NITROGEN 
Nitric oxide (NO), nitrogen dioxide (NO2) and nitrogen 
trioxide (N2O4) have been recently recognized as important 
primary air pollutants. They are produced primarily during high 
temperature combustion (Taylor and MaClean, 1970). 
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Oxides of nitrogen affect vegetation adversely, reducing 
plant growth rate (Taylor and Eaton, 1966; Capron and Mansfield, 
1977), photosynthetic rate (Hill and Bennett. 1970; Bull and 
Mansfield, 1974). There are evidences that NO2 ~ derived nitrogen 
is absorbed by exposed plants and translocated throughout plant 
tissues (MaClean £k al-> 1968; Agrlos, 1988; Rogers sik al. > 1979; 
Yoneyaaa fit A1-> 1980). Water soaked lesions followed by rapid 
tissue collapse are acute foliar symptoms that appear on the 
plant exposed to high concentrations of N02. The lesions later 
extend throughout the leaf to form white to tan or brown coloured 
irregular necrotic patches. The interveinal lesions are found to 
be prominent at apex and along the margins of leaf (Benedict and 
Breen, 1955a 1955b; Middleton £b ^ . , 1958; Taylor and Eaton, 
1966; MaClean fii AI-, 1968). In addition to foliar symptoms, 
high concentrations of NO2 cause abscission of leaves and fruits 
(MaClean st al-, 1968; Sinn and Pell, 1984). Adverse effects of 
oxides of nitrogen on plant growth, biomass and productivity of 
tomato, soybean, potato etc. have been observed (Capron and 
Mansfield, 1977; Sinn and Pell, 1984; Klarer sik A1-. 1984). 
FLUOBIDES 
Fluoride containing compounds such as hydrogen fluoride 
(HF), and silicon tetrafluoride (SiF^) are important air 
pollutants (Heagle, 1973). 
Fluorides are toxic to plants at much lower concentrations 
than most of other air pollutants. They enter through stomata and 
16 
are rapidly translocated to leaf tips and margins (Jacobson ^ 
al.. 1966). Fluorides act both as a cumulative poison on some 
plants and accumulative on others (Heggestad, 1968). The 
characteristic symptoms of hydrogen fluoride is turning the leaf 
margins of dicots and leaf tips of monocots light to dark 
brown. Actively grown leaves are more sensitive to fluorides 
(Agrios, 1988). Fluorides produce necrotic and chlorotic lesions 
which may be grey or light green at first, but later become 
reddish brown to tan in colour. Abscission of leaves is also 
induced by fluorides (Heggestad, 1968). Fluorides also cause 
necrosis and chlorosis in sepals and petals. In some plants, 
fruits are more sensitive than leaves, resulting in premature 
ripening (Treshow and Pack, 1970). Among the plant species most 
sensitive to fluoride injury are certain varieties of gladiolus, 
apricots, prunes, peaches, corn, grapes, tulip, while celery, 
alfalfa, tomato, tobacco are resistant to fluoride (Zimmennan and 
Hitchcock, 1956). 
AMMONIA 
The field injury from gaseous ammonia has been reported 
during the use of anhydrous ammonium fertilisers. Ammonia causes 
acute tissue collapse in the leaves with or without subsequent 
loss of chlorophyll. Leaves show a cooked green appearance, 
becoming brown or remaining green or drying. The necrotic lesions 
along the leaf margins have been reported in sensitive species. 
Benedict and Breen (1955a, 1955b) observed extensive and 
widespread injury within 1-2 miles of the ammonia spill. Complete 
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collapse of leaf tissue occurred near the source. Several 
sensitive species showed blackened tissue at distances upto a 
mile from the spill. Necrotic areas, bright tan in colour, 
developed in several cereals and grasses. Necrotic and chlorotic 
interveinal streakinga also appeared on plants at some distance 
from the spill. Some other plants produced glazing with or 
without scattered necrotic spots on the upper surface. Several 
varieties of peach and apple fruits are adversely affected by 
ammonia released in the storage houses. Peaches become black in 
colour at the concentration of 400 ppm of NH3 (Brezman fijt jsX-. 
1962). Significant injuries in black wheat, coleus, sunflower and 
tomato foliage by ammonia exposure have been found (Thomton and 
SetterStrom 1940). 
Effect of secondary gaseous air pollutants 
OZONE 
It is a tjrpical secondary type of pollutant formed by 
reaction between primary pollutants in the presence of 
ultraviolet light (sun light) and hence called as "photo-chemical 
pollutant". Ozone is a major constituent of "Los Angeles smog". 
The most Important source of ozone is the photochemical reactions 
in polluted atmosphere. 
Ozone has been recognized as most destructive secondary air 
pollutant. Specific damage to an agricultural crop caused by 
ozone was first reported on grapes by Richards fli A1- (1958). A 
year later, Heggestad and Middleton (1959) documented that the 
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cause of weather fleck, a leaf spot problem on cigar-wrapper 
tobacco in eastern U.S.A., was ozone. 
Like the other air pollutants, ozone also enters through 
stomata and accumulates in palisade cells and causes bleaching or 
discolouration of the palisade tissue which ultimately results 
into collapse of cells (Pell, 1979). The foliar symptoms which 
O3 produces include stippling, mottling and chlorosis of usually 
upper leaf surface. Colour of symptoms varies from light tan to 
red colour or almost black depending upon the dosage of O3 and 
sensitivity of the plant. In some plants viz., citrus, grapes, 
pines etc. the leaves fall prematurely (Darley and Middleton, 
1966; Agrois, 1988). Many deciduous trees, shrubs and some 
herbaceous plants produce localized thickening of cell walls 
resulting in dot-like coloured lesions due to ozone (Ledbetter et 
al., 1959). Generally, the interveinal portions of leaves are 
injured resulting in angular shaped lesions. Usually veins are 
not affected except in plants where pigment formation takes place 
(Heck eii sX'7 1970). Mostly woody and herbaceous plants exhibit 
bleaching of upper surface of leaves (Ledbetter si al-. 1959). In 
the case of chronic injuries, the epidermal cells collapse and 
become colourless. According to Heck si: al- (1970) leaves often 
develop water-soaked areas followed by drying and bleaching which 
result into necrosis on the both surfaces of leaf. Ozone 
characteristically injures only palisade and mesophyll cells, 
while the epidermal cells remain unaffected (Poll, 1979). Many 
injured cells remain alive, however, their chloroplasts are 
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disrupted, and carotenoid and chlorophyll contents significantly 
reduced (Hill s^ SOL. , 1961; Olsayk fii A1-, 1987; Takenoto fli AI-, 
1988). Ozone produces large light green chlorotic areas with many 
irregular islands dispersed in them on alfalfa leaves. However, 
in some plants, tissue eventually become uniformly chlorotic and 
ultimately leaves fall down (Ledbettor fit &L-» 1969). 
In susceptible plants, during the exposure, the stomata 
remain open, while in resistant cultivar, a partial closure of 
stomata has been observed (Bulter and Tibbitts, 1979), Stomata of 
resistant cultivars of onions and bean are closed even at low 
concentration of ozone (Engle and Gebelman, 1966; Faensen-
Thiebes, 1983). They suggested that membrane of guard cells lose 
their permeability and leak, thereby closing the stomata. The 
guard cells recovered as soon as O3 was removed. However, in 
azalea, sweet corn, soybean, and tobacco no relationship was 
found between ozone sensitivity and the niimber of stomata or rate 
of gas exchange (Gesalman and Davis, 1978; Harris and Heath, 
1981; Feansen-Thlebes, 1983). Enviroimental factors also play a 
major role in the sensitivity of plants to ozone (Ting and Dugger 
Jr.. 1968; Agrios, 1988). 
Various workers reported reduction in photosynthesis both at 
high and low concentrations of O3 (Todd, 1958; Todd and Probst, 
1963; Macdowall, 1965; Cooley and Manning, 1988). Decreased rate 
of respiration has also been observed due to exposures of ozone 
(Bill and Llttlefield, 1969). The adverse effects of ozone on 
growth, biomass and productivity have been demonstrated by 
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several workers in ambient and glasshouse conditions. Various 
kinds of adverse effects of ozone on crops of clover, soybean, 
potato, carrot, cotton, pepper, tomato etc. have been observed 
(Blum £t SLL-, 1982; Greenwald and Endress, 1984; Pell sik ^1- . 
1980; Clarke jfft jal., 1983; Bennett and Oshima, 1976; Oshlna jgji 
jal., 1977a, 1977b, 1979; Bennett fii Al-. 1979; Manning and Feder, 
1976; Kress fiib A1- 1986; Olazyh. sie &1-, 1986, 1987; Heggestad, 
1988; Krupa and Manning, 1988; Takemoto fili A1-t 1988). 
PEROXYACETYL NITRATE 
It is another photochemical secondary air pollutant, an 
important constituent of photochemical smog. Peroxyacetyl nitrate 
(PAN) is formed due to reaction between oxides of nitrogen and 
unsaturated hydrocarbons, released mainly through automobile 
exhausts, in the presence of sunlight (untraviolet light) (Wood, 
1968; Heggestad, 1968; Agrios, 1988). This type of pollution is 
very common in big cities like Los Angeles and Hew Jersey of 
U.S.A., where the atmospheric conditions are conducive to 
inversion layer formation (Haggestad, 1968; Wood, 1968). 
Peroxyacetyl nitrate has been found as the most injurious 
air pollutant for plants. First report on this pollutant causing 
disease in plants appeared in 1940, when Middleton sit ftl- (19S0> 
observed "silvering" on the lower leaf surface of many herbaceous 
crops. The characteristic symptoms that PAN produces on 
susceptible plants include glazing (silvering) and bronzing of 
lower leaf surfaces and tendency to produce transverse banding on 
individuals leaves (Bobrov, 1955; Taylor fii al., 1960). Younger 
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leaves are injured at their tips and older ones near the base 
(Agrlos, 1988). Transverse banding on individual leaves is 
related to physiologic age of tissue. PAN causes injury first to 
Bjesophyll cells near stomata. This injury separates lower 
epidermis and mosophyll cells slightly from each other resulting 
in glazing and bronzing of lower leaf surface. In acute injuries, 
entire leaf becomes necrotic (Glater fit A1., 1962). PAN is 
reported to cause various types of damage in a number of crops 
like romiane, lettuce, swiss chard, pintobeans, petunia, tomato, 
africsm violet. However, corn, onion, begonia and cotton are 
usually not injured (Brandt and Heck, 1968a, 1968b; Darley s!L 
jai., 1966; Noble, 1965; Heck £t fil-> 1970). Peroxyacetyl nitrate 
is also known to inhibit photosynthesis (Taylor fii SJL- , 1983) and 
crop yield (Slgal and Taylor 1979). 
Sffcclia Qt Biarturg of fiaa^otts air polJlutaptg: 
Synergistic interactions of air pollutants both in ambient 
and glasshouse conditions have been shown. Menser and Heggestad 
(1966), were first to observe synergistic effect of SO2 and O3 on 
tobacco. Since then, numerous studies suggested that two gases do 
not act independently when present together, but frequently 
interact to influence plant response. Evidence of this 
interaction is reflected in increased visiable injury and reduced 
plant growth (Tlngey si al-, 1973; Ashenden 1979; Amudson and 
Welnsteln. 1980; Ashenden and Williams, 1980; Irving fit al-• 
1982; Klarer fii al-> 1984; Kress £t^  Al. > 1986). 
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Response of plants to pollutants mixtures includes visible 
symptoms of injury, altered growth and development, physiological 
and metabolic imbalances and accumulation of certain elements and 
metabolites. Most important pollutant mixtures are O3+SO2, 
SO2+NO2 and O3+SO2+NO2. O3+NO2, SO2+HF, S02+NaF, NOg+HF, 03^ .H2S 
and 03+acid rain are also known to cause injuries in plants 
(Belnert, 1984; Heck £ii sl., 1986). Additive, synergistic or 
antagonistic effects of O3 and SO2 mixture treatments have been 
obtained in controlled conditions. 
Shew sit &L' (1982) when exposed tomato plants to 0.2 ppm O3, 
0.2 or 0.8 ppm SO2 singly and in combination 15 times for 3 or 4 
h, observed additive effect at 0.2 ppm SO2 and antagonistic at 
0.8 ppm SO2. When lettuce and radish were treated with 0.4 ppm 
O3, 0.8 ppm SO2 mixture for 6 h there was antagonistic effect in 
lettuce and additive effect in radish (Ormrod sit &!• > 1983). In a 
study, Shertz fit A1. (1980) found increase in leaf abscission and 
decrease in foliar injury in grape cultivars when exposed to 0.20 
and 0.40 ppm O3 and 0.15 and 0.30 ppm SO2 mixture for 4 h. Foster 
fit fil. (1983) observed significant additive effect in the 
reduction of growth and yield of potato when exposed to O3 with 
0.1 ppm SO2 for 8 h daily. Soybean plants exhibited additive, 
antagonistic or synergistic changes in foliar injury and in 
reduction of shoot fresh weight when exposed to 0.25-1.0 ppm O3 
and 0.50-1.5 ppm SO2 mixtures (Beagle and Johnston, 1979). Olszyk 
and Tibbits (1982) recorded reduced foliar injury, leaf area, 
chlorophyll, leaf weight in pea exposed to 0.06-0.27 ppm O3 + 
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0.11 - 1.72 pi«n SO2 mixture. Synergistic response in stomatal 
conductance, antagonistic in foliar injury and additive in the 
growth was found in snap-bean by Beckerson and Hofstra (1979) and 
Miller and Davis (1981). 
Synergistic effect of SO2 and NO2 mixture was found on 
tomato. Decreases in fresh and dry weight of tomato leaf and root 
occurred at 0.05 ppm S02» NO2 mixture. However, no effect was 
observed when tomato plants were exposed to these pollutants 
singly (Marie and Ormrod, 1984). In soybean cultivars receiving 
different treatments of SO2-NO2 mixture, the synergistic response 
was observed in photosynthesis, stomatal conductance, chlorophyll 
reduction; additive in respiration; and reduction in yield at 
higher SO2 concentrations (Carlson, 1983; Anudson, 1983; Irving 
and Miller, 1984). However, Reinert and Weber (1980) reported 
additive effect of SO2 and O3 on growth of soybean plants, 
Reinert and Sanders (1982) reported interactions among NO2, SO2 
and O3 in growth of marigold, while radish remain unaffected. 
Similarly, Sanders and Reinert (1982) did not observe significant 
interactions among NO2, SO2 and O3 on assalea cultivars. 
Effects of acid rain 
Phenomenon of rain fall acidification by air pollutants 
emmissions was first noticed in 1757 by Bales in England. 
However, a century ago, Robert Angus Smith in 1870 was first to 
observe its effects on plants (Smith, 1872). Modern attention to 
acid rain was focussed since 1948 (Oden, 1968). Rain and snow in 
northern Europe and in the north eastern United States have 
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become progressively more acidic during the past two decades 
(Oden, 1968; Cogbill and Likens, 1974; Likens and Bomanni 1974; 
Irwin and Wlllianus. 1988). Individual rain fall in Sweden, Norway 
and eastern United States produced rain of pH 3.0 to 3.6. The 
average acidity of rainfall in eastern U.S.A. was estimated to be 
below pH 4.5 in 1972-73 (Cogbill and Likens, 1974). Sulphuric 
acid has been recognized as a major component of thd acid 
substances in the precipitation both in Europe and North America 
(Cogbill and Likens, 1974; Likens and Bormann, 1974; Irwin and 
Williams, 1988). 
Acid rain causes primarily acidification and alteration of 
water and soil. Herbaceous plants are more vulnerable for direct 
acid rain injury than the woody plants (Heck jftt SJL-, 1986). A 
number of reports show that plants are injured by simulated rain 
containing dilute sulphuric acid. Simulated rain at pH 3.3-2.7 
caused slight foliar injury but no effect on the growth and yield 
of soybean cultivars 'Davis' (Heagle fit dl-> 1983a; Evans fit jaJL-. 
1984). However, Evans sik al. (1981, 1983, 1984, 1985) recorded 9-
16% reduction in the yield of soybean cultivars at pH less than 
and equal to 4,4. DuBay and Heagle (1987) observed significantly 
increased foliar sulphur concentration and slight foliar injury 
on soybean cav. 'Forrest' at pH 2.7. Shriner and Johnston (1981) 
observed no significant effect of acidic soil on fresh weight of 
shoot, root or pod of soybean, both in field and glasshouse. 
Olssyk fit jaJL-. (1987) and Takemoto fit jal- (1988) reported 
significant reduction in dry yield and carotenoids and 
25 
chlorophyll contents of alfalfa due to highly acidic fog at pH 
1.68. Acidic rain also causes leaching of nutrients (cations) 
both from foliage and soil (Wood and Bormann, 1975; Reich sic Al-> 
1988). 
Effects of particulate air pollutants 
Particulates have been recognized as plant-pathogenic air 
pollutants since long but relatively little attention was paid to 
the problem (Wood, 1968). It may be because of the fact that 
particulates are not toxic to plants unless they are highly 
caustic in nature or present in high concentration (Beck fit al.. 
1970; Shlashon and Darley, 1975). 
Major particulate air pollutants are coal dust, lime dust, 
cement dust, soil dust praticles, flyash etc. The particulate air 
pollutants are major problems in developing countries but are not 
so important and serious in developed countries (Das, 1986). 
Particulate matters adversely affect a variety of crops resulting 
in poor growth (Heck si- <GLL-> 1970). Dust from different sources 
settle on leaves, flowers either as such or in combination with 
rain drops or mist to form thick crust (A^rios, 1988). Cement 
dust is alkaline in nature and contains calcium silicate, which 
further helps in encrustation of dust on leaves in close vicinity 
of cement industry (Darley,1966). According to Agrios (1988), 
the affected plants may become chlorotic, necrotic, grow poorly 
and even may die. Additional damage to plants is caused by the 
toxicity of some of the deposits on leaf tissue either directly 
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or after formation of toxic solutions in the presence of free 
moisture on the plant. Usually symptoms appear on plants when 
heavy deposition of particulates occurs. Many particulates are 
by-products of agricultural practices and usually inert (Barley 
and Middleton, 1966; Heck fit jal-, 1970). Colwill si jal- (1979) 
observed black deposits on the leaves of the plants grown along 
the road-side with highly busy traffic. Such plants showed poor 
growth. There have been numerous reports that dust of varying 
origin interfere with stomatal functioning mostly by plugging the 
stomatal porest (Ricks and Williams, 1974; Fluckiger fii &L., 1978 
and 1979), increasing leaf temperature (Eller, 1977; Fluckiger st 
al.,1978) and transpiration (Beasley, 1942; Eveling. 1969); 
reducing photosynthesis (Darley, 1966), and increasing the uptake 
of gaseous air pollutants (Ricks and Williams, 1974). All these 
effects eventually result into poor growth of the suffering 
plants. Sln^ and Rao (1981) in a closed chamber study on the 
effect of dust on wheat plants observed reduction in 
transpiration, chlorophyll content and productivity. Lime dust 
particles form encrustations on leaves of vegetables with a 
resultant reduction in photosynthesis, vigour and hardness of the 
plants. Heck si jal. (1970) summarized that particulate emissions 
from different sources cause reduction in quality of vegetables 
and fruits. 
Accumulation of particulates in soil modifies its chemical 
and physical properties depending upon the chemical nature and 
concentration of the particulate. It has been shown that flyash 
neutralizes soil acidity to a level safer for crop cultivation 
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(Adriano, 1980; Klseewi fii al-, 1980). Application of flyash has 
been found to increase pH, ions exchange capacity, water holding 
capacity and availability of sodium, potassium, calcium, 
magnesium, boron, sulphate and other neutrients in the soil 
(Jones and Straughan, 1978; Elseewi sie &1-$ 1981; Druslna sit al-, 
1983). Presence of some toxic substances in particulates like 
flyash has also been noticed. Elceman and Vandiver (1983) 
reported polycyclis aromatic hydrocarbons in flyash. Some toxic 
compounds like dibenzofuran and dibenzo-p-dioxin mixtures are 
also reported to be present in flyash (Helder ai &X.. 1982; 
Sawyer fii al-. 1983). 
Effect of heavy metals on crop Plants 
Industrial effluent and wastes dumped in soil and water 
contain toxic materials which adversely affect plant life (Ajmal 
and Khan, 1984; AJooal et aJL. , 1984). In most of the effluent and 
wastes, heavy metals are found in an amount sufficient enough to 
cause toxic effects in plants (Schraufnagel, 1962; AJmal si jal-, 
1984). Bisessar si al- (1983) found nickel, copper and cobalt 
upto 7500 ppm, 800 ppm and 100 ppm in concentration respectively, 
in the vicinity of a nickel refinery. Similarly some other 
workers have also reported soil pollution due to heavy metals 
near the industries (Hutchinson and Whitby 1974; Lagerwerff and 
Brower, 1974). At present, there is excessive accumulation of 
heavy metals in soil due to the technological activities of man 
(Maliszwska fit dl-> 1985). High concentration of these metals are 
especially dangerous in arable land. Heavy metals are absorbed by 
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roots and translocated to different parts of the plant body 
(Baghlrl, 1973; Langerwerff, 1971). The uptake of these soil 
pollutants is influenced by soil factors like pH, cation exchange 
capacity, availability of phosphorus etc. (Miller fii jal,, 1976). 
Like air pollutants, heavy metals also alter the physiology and 
biochemistry of the plants (Tyler, 1974; Valtuais fit al., 1976). 
Several workers have conducted experiments to ascertain the 
effects of heavy metals on growth and yield of plants. Goodbold 
and Huttermann (1985) studied the effect of zinc, cadmium and 
mercury on root elongation of Plcea abiea. They observed that 
mercury was much toxic in inhibiting root elongation in 
comparison of Zn and Cd. Mercury was about 100 times more toxic 
than zinc. Similar results were also observed by Graft and 
Schwantes (1983). Khan £t A1- (1987, 1988a) and Khan and Khan 
(1989a) reported significant reduction in seed germination, plant 
growth, biomass, productivity and leaf chlorophyll content of 
lentil at 200 and 400 ppm of nickel, copper and cobalt, 
individually in artificial treatment conditions. Nickel was found 
to be more effective than copper or cobalt in affecting all the 
parameters. 
When high levels of heavy metals are found in combinations, 
the resulting toxic effects of plants appear more severe than the 
single metal (Hassett fii al-. 1976). Several workers have 
studied interaction of two or more heavy metals on different crop 
plants (Hutchinson,1973; Beckett and Davis,1978). 
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Hale fit Sl' (1985) studied the effect of nickel and copper 
mixtures on tomato plants. In all cases both Ni and Cu had 
adverse effects on plant growth whether singly or combined. 
However, they did not observed any interaction between nickel and 
copper and effects were almost additive without any significance. 
Nickel was more toxic than copper, as had also been noted earlier 
(Froster, 1954). Both metals retarded leaf area development of 
tomato plants with joint action. However, leaf growth was 
retarded at as low as 0.3 mg/L Ni and Cu singly or in 
combination, Blsessar fii al- (1983) reported significant 
reduction of growth and yield of celery plants grown in the 
field contaminated by Ni (7500 ppm), Cu (800 ppm) and Co (100 
ppm) near a nickel refinery. Sowell jsi si- (1967) reported 
threshold for Cu toxicity symptoms in cotton of less than 0.8 
mg/L but greater than 0.4 mg/L. 
BOOT-KNOT MEHATODES 
Root-knot nematodes (Meloidogyne species) are one of the 
most devastating group of plant parasitic nematodes as they have 
exceedingly wide host range and are encountered in greatly 
diverse habitats. Sasser (1977) gave an account of distribution 
of root-knot nematode species in different parts of the world. M. 
Ij^ cQgnita (Kofoid and White, 1919) Chitwood, 1949; JH. .lavanica 
(Treub, 1885) Chitwood, 1949-, M- arenarla (Neal, 1859) Chitwood, 
1949 and U- haplg Chitvood, 1949 are the most commonly 
encountered species; M. iT^cpffnltrffi is the commonest (Sesser, 
1980). Many vegetables suffer considerably due to attack of root-
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knot nematodes and general loss of the vegetables in different 
regions of tropics due to root-knot nematodes is estimated as 5-
43% (Laaiberti, 1979; Sasser, 1979). 
Effect of root-knot nematodes on the physiology of host 
plants is an important mechanism of pathogenesis. Though, 
relatively less research has been conducted on this aspect of 
host-parasite interaction, there are evidences that root-knot 
nematodes greatly influence the physiology of host plants. Heon 
et ftl. (1978) observed low leaf water potential of tomato plants 
infected by Jtf. Javanlca juveniles. Similarly, other workers have 
also reported low water potential of potato leaves infected by H. 
incognita and M. hapla (Wilcox-Lee and Loria, 1987). Decreased 
stomatal conductance has also been noticed in tomato plants 
infected by U. lav^ p^-j^ g (Heon ei al-1 1978). Transpiration 
depends upon stomatal aperture which in turn is related to 
diffusive resistance (Kramer, 1983). Some reports suggest that 
transpiration is increased in early stage of infection of M. 
incognita and Ij. liasla and later on it is reduced (Odihirin, 
1971). According to Wilcox-Lee and Loria (1987) Meloidogyne 
species reduce root conductivity as it was observed to be caused 
by U. hapla at higher inoculum density. Infection of plant 
parasitic nematodes causes a wide spread change through the 
host's biochemical network of which photosynthesis is one 
compartment (Wallace,1987). There are numerous reports which 
suggest that usually photosynthesis is reduced by root-knot 
nematodes (Bird, 1974; Wallace, 1974; Shrivastava fiifll-. 1982; 
Melakeberhan £ji si-, 1984, 1985) 
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Root-knot nematodes also have the ability to interact with 
other plant pathogenic organisms. They interact synergistically 
with other pathogens and cause greater damage to a number of 
plants. Most prevalent interactions of root-knot nematodes in 
nature are with fungi, bacteria and viruses (Taylor, 1979; 
Webster, 1985; Lambertl and Roca, 1987; Sikora and Carter, 1987), 
Interactions of Air Pollutants and Biotic Plant Pathogens 
Plant diseases induced by biotic pathogens are influenced by 
various environmental factors. Air pollution is a relatively new 
factor that can affect plant diseases induced by biotic pathogens 
(Heagle, 1973; Treshew, 1975; Beagle, 1982). There are a number 
of reports which indicate that incidence of foliar plant diseases 
caused by fungi are adversely influenced by air pollutants. In 
contrast, enhancement of fungal plant diseases under air 
pollution stresses is also on record. 
SDLPHDR DIOXIDE 
Plant pathogenic fungi 
Spores of some fungi are sensitive to direct exposure to SO2 
but some show great resistance. However, obligate parasites are 
more sensitive than others. Couey and Oota (1961) reported that 
only 20% conidia of Botrytis cinerea germinated when exposed to 
36 ppm SO2 for 1/2 h. However, Hibben (1966) observed no effect 
on the germination of spores of 10 sparophytic and parasitic 
fungi exposed on agar to 10 ppm SO2 for 1-6 h. Moist spores are 
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comparatively mor« sensitive to SO2 than dry spores. Couey (1965) 
obtained 60% reduction in spore germination of Alternarla app. 
•with treatment of 50 ppm SO2 for 24 min. but 100 ppm SO2 w&s 
required to produce a similar decrease in the dry spores at 98% 
R.H. 
Rusts like Dromycea phaseoli parasitising bean leaves and 
Pucclnia f^rflWilTVlP on wheat when exposed to SO2 were inhibited 
(Weinstein fit al-. 1975; Laurence fit AI-, 1979). Fungal hyphae 
present within the host tissue show resistance to SO2. Powdery 
mildews, ectophytic parasites, are adversely affected by this air 
pollutant. Absence of oak powdery mildew caused by Microaphaera 
alni was reported by Kock (1935) near a paper mill in Australia. 
In lilac leaves infected by Microphaera alni when exposed to 0.40 
ppm SO2 for 24-72 h continuously, there was reduction in spore 
germination, penetration and hyphal production of the fungus 
(Hibben and Taylor, 1975). Hibben and Walker (1966) noticed that 
lilacs grown in polluted air of New York City and other urban 
areas showed substantially less infection of powdery mildew 
fungus than lilacs in rural areas. 
Saundera (1966) exposed roses inoculated with piplocarpon 
iCfiaas to low doses of SO2 for 2 days after inoculation. He found 
that 0.04 ppm SO2 considerably decreased the disease while there 
was slight increase at 0.01 ppm. He further noted that J). rosae 
was rarely present on roses in area where daily average SO2 
concentration was greater than 0.04 ppm, but the disease was more 
frequent in area with less SO2 concentration. Sheffer and 
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Hedgcock (1955) recorded decreased parasitism by the species of 
qmnartiua. Coleoaporium. M^laffpaors. Porl4gfWJlW«. and PMCCinifl. 
where trees were injured by SO2. With increasing distance from 
SOo sources, decrease in plant injury and increase in incidence 
of fungi were observed. Industrial emissions containing SO2 have 
been found to decrease the incidence of diseases caused by 
various ascomycetes including Hypodermella .lunipera. Hhytitim^  
acerlnum. Hyaterium pulicare. Y^ OtwrJLa inaeqttalJa (Sheffer and 
Bedgcock, 1955; Prisybylski, 1967; Skye, 1968). Laurence fit sl-
(1979) obtained 38% decrease in number of lesions caused by 
Hftimi|»+fh3Porium maydis on maize exposed to 0.15 ppm SO2 for 14 h 
daily for 8 days before inoculation, Weinstein fit sX- (1975) 
observed that exposures that decreased parasitism of bean by fl. 
phaseoli did not affect parasitism of tomato leaves by Alteynaria 
y^ lflTll Negative correlations between the number of Bhybisma 
flgfirln^Jim caused spot lesions/unit area of leaf and mean annual 
concentrations of SO2 were recorded by Bevan and Qreenhalgh 
(1976).^. 
Some studies, however, show that sulphur dioxide also 
interacts synergistically with fungal plant pathogens. A number 
of workers reported the increase of Arm;^ llarj,fl mellea in trees 
injured by SO2 (Janacarik, 1961; Sheffer and Hedgcock, 1965; 
Kudela and Movakova, 1962; Donaubauer, 1968). An increased 
incidence of Ii9PhQ<lfill»3,vm Piceae (= L. abietis) was noted on 
spruce needles injured by SO2 by Kudela and Novakova (1962). 
Weinstein fit A1- (1975) also observed that scotpine seedlings 
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exposed to 0.20 ppm SO2 for 6 h after 5 days of inoculation by 
Snhirrhia fi<?icola. exhibited more lesions. Seedlings, however, 
when exposed for 6 h and inoculated after 30 min. of exposure, 
the plants showed similar but non-significant results. Chiba and 
Tanaka (1968) observed higher disease incidence of RhitjOffphaera 
a^ll^ h9ff 1"^  on red pine in ambient condition. Similarly some other 
workers like Jancarik (1961) and Sheffer and Hedffcock (1955) 
noticed increased incidence of the diseases caused by TssSBSieS^ 
aerialjg. I. heteromopha. qiocQPhyXlVHB sp. and Melampgora sp. on 
trees. 
Plant pathogenic bacteria 
Bacterial plant pathogens are also influenced by sulphur 
dioxide. Laurence and Aluiso (1981) while studying the effect on 
the parasitism of bacteria, found that SO2 reduced rate of lesion 
development and lesion size, when SO2 exposures were sufficient, 
to increase sulphur content of leaves. Exposure duration in 
relation to inoculation has been demonstrated to play important 
role. Corynebffifftr^ ri \m nebraskense was inhibited when maize 
plants were exposed continuously to 0.20 ppm SO2 for 24 h daily, 
5 days before inoculation, 2 days after inoculation and both pre-
and post-inoculation. However, maximum inhibition occurjed at 2 
days post-inoculation exposure. Laurence and Aluiso (1981) also 
found SO2 inhibitory for XanihOffiOBfla Phaseoli. Inhibition in X-
phaseoli occurred when soybean plants were exposed to 0-10 ppm 
SO2 for 24 h 5 days before inoculation, 5 days after inoculation 
and both 5 days before and after inoculation. Inhibition of 
bacteria was maximum at pre- and post-inoculation exposures. 
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Plant viruses 
Some plant, viruses are known -to be affected by SO2. SO2 has 
been found to increase viruses in bean and maize (Laurence fit 
fll-, 1981). An increase in southern bean mosaic virus in bean 
leaves was noted when plants were exposed to 0.10 ppm SO2 for 7 
days continuously with pre- and post-inoculations. Increase of 
maize dwarf mosaic virus (MDWV) leading to greater infection and 
more severe symptoms has also been observed when plant were 
exposed continuously to SO2 pre- or post-inoculations of plants 
(Lauirence sit isl-i 1981). 
FLOORIDES 
Plant pathogenic fungi 
Some attempts have been made to ascertain the influence of 
fluorides on plant pathogenic fungi. Significantly highejt* levels 
of fluorides in air inhibit most of the fungi (McCune §& aX- > 
1973). Some cultural studies indicate the inhibition of colonial 
growth of fungi on agar medium containing sodium fluoride. 
Fungal species respond differently and the impact is 
concentration based. More NaF was required to inhibit 
YgrticilXium alb^-atnw and Helmlnthoaporlum sativum than Pythlum 
debarvanxMa (Tingey and Blum, 1973). Effects of hydrogen fluoride 
(HF) on fungal plant pathogens have been studied in controlled 
conditions (McCune sii al-, 1973; Weinsteln sit sl-, 1975). McCune 
fit sX- (1973) exposed bean plants to hydrogen fluoride before and 
after inoculation with fl. phaseoli. Both number and growth of 
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uredia in leaves were inhibited. In second experiment, pustule 
numbers were reduced by HF exposure only before inoculation 
while in third experiment both pre- and post-inoculations caused 
inhibition of the rust (McCune ei al-, 1973). The effects of HF 
on parasitism of tomato by Altemaria aolflnj and PhytOPhtbora 
4T)|f«itqt.f^T>«t were also studied by McCune sit AI- (1973). Pre-
inoculation exposures of tomato plants to HF levels 200-500 ppm 
caused decreased development of A- gQlflXll - mainly on young 
leaves. The post-inoculation exposures had little effect on the 
fungal development. Pre-inoculation exposures did not change 
disease development caused by £- infegtan^. Results of post-
inoculation exposures were inconsistent. Khan fit al- (1988b) 
observed very low incidence and intensity of powdery mildew 
caused by Sphaerotheca fluliginea on cucurbits like P\^f^ ;^^Tn| ^ 
sativua. Cucurbita pQgcbata. (^ t^gmnJS SSls and Q. mJLs var^ T 
M"^ 41isff3mmg grown around the Ceramic and Pottery Industrial 
Units, Khurja. This effect was more apparent and common within 2 
km from the industries where hydrogen fluoride was present in 
higher concentration. However, beyond 2 kms incidence and 
intensity of powdery mildew was higher where ambient 
concentration of HF was 0.073 ppm. 
Plant pathogenic bacteria. 
Fluoride may decrease the disease caused by £. phaaeollcola 
(Heagle, 1973). However, Beagle (1982) noticed that disease 
caused by f. phaseollcQla in bean leaves was not affected by HF 
exposure at pre- or post-inoculation even at the concentration 
where 700 ppm fluoride accumulated in the leaves. 
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Plant viruses. 
Fluoride is reported to predispose pinto bean leaves to TMV 
infection. An increased number of TMV lesions was found on 
inoculated bean leaves that contained 100-300 ppm fluoride by 
(Dean and Treshow, 1965; Treshow ^  jal., 1967). If leaf tissue 
contained fluoride more than 500 ppm, reduction in TMV particles 
and infection was observed (Dean and Treshow, 1965). 
OZOHE 
Plant pathogenic fungi 
A number of parasitic fungi are inhibited or their effects 
are pronounced by ozone. A perusal of the literature indicates 
that O3 alters the parasitism primarily through effect on host 
plant. Facultative parasites are affected more than facultative 
saprophytes (Beagle, 1973). 
Ozone is more effective than SO2 in decreasing spore 
germination. A number of factors like doses, fungus species, 
spore morphology, moisture and substrate influence the degree of 
sensitivity to ozone. Pigmented multicelled spores and thick 
walled spores show greater resistance to O3 than single-celled 
spores or those with hyaline or thin cell walls. Per cent 
germination of large multi-celled conidia of Macrospffrlwn sp. was 
found greater than that of smaller, single-celled spores of 
Sglerotlaia frwcticola and Fenj-cillivtm expansum at 0.60 ppm O3 
for 1-3 h freshly cut apples (Smock and Watson 1941). To ozone, 
dry spores are more sensitive than wet spores (Beagle, 1973). 
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A relatively large number of publications indicate that O3 
inhibits the fungal infection. Magie (1963) and Maiming (1971a) 
observed inhibition of Botrvtis gladiolorum on gladiolus flower 
when the plants were exposed to O3 at a dose too low to cause 
injury to gladiolus. Similarly, in the case of chrysanthemum 
petals, ozone decreased disease by Botrvtis sp. even though the 
petals were injured by O3 (Manning, 1971b), Beagle (1970) exposed 
10 varieties of oat infected with Puccinia coronata at 0.10 ppm 
O3 for 6 h after 10 days of inoculation. Slight injuries in all 
plants due to O3 and significant reduction in size of uredia 
occurred. Injury to host mesophyll cell and decreased growth of 
hyphae were attributed as reasons for decrease. Beagle and 
Strickland (1972) reported 84% inhibition in sporulation and 84% 
and 75% in penetration of Ervsiphe grffilPlAn;f.ff in barley leaves when 
exposed to 0.05, 0.10 and 0.15 ppm O3 respectively. Similar 
effects were observed when barley leaves having mature conidia 
were exposed to 0.10, 0.20 and 0.30 ppm O3 for 24 h during 
incubation. Beagle and Key (1973) studied the effects of low 
concentrations of ozone on various phases of the uredial cycle of 
the wheat stem rust fungus, Puccinia graminJa. Daily 6 h O3 
exposures of infected plants significantly decreased the growth 
of hyphae and the number of uredospores produced. Ozone 
exposures, 24 to 48 h before inoculation injured the plants and 
reduced penetration and infection. Effect of O3 on some other 
rusts and powdery mildews have also been studied (Beagle, 1975). 
In such studies, it was found that O3 at concentration often 
found in the ambient air of certain areas of USA, inhibited 
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various phases of the asexual cycle of Pucclnia Qorottatfl var. 
aXfiaSfi, p. praminls f. sp. tritlcl and Krygjph^ grflBliPig f • sp. 
bQrdel• With the rusts, O3 inhibited sporulation but did not 
affect germination and infection by exposed spores while, with 
the mildew fungus, O3 did not affect sporulation or germination 
but did inhibit infection by exposed/spores. Kochhar si aX. 
(1982) noticed significantly greater reduction in biomass of 
clover by Rhigoctonia solani in the presence of a single acute 
O3 exposure. However, in the presence of multiple O3 exposures 
the synergistic effect on clover biomass disappeared and the 
stress from B- solani was lost. 
In contrast, there are substantial evidences to show that 
ozone injury predisposes plants to diseases caused by facultative 
parasites (ManBlng si al-. 1969). A synergistic interaction 
between O3 sund Botrybls clnerea on potato was reported for the 
first time by Manning at al. (1970). Invasion of potatoy leaves 
by B- clnerea was greatly increased when leaves were injured by 
O3 (0.15 - 0.25 ppm 6-8 h) before inoculation. In a Qftr^ HJ^ F^^  
cultivar 90-100% of the leaf area became diseased by fi^ Qinerea 
when leaves were injured by O3 at 0.07-0.10 ppm concentration 
for 10 h/day for 15 days, before inoculation. Wukasch and 
Hofstra (1977) obtained similar effect of O3 when onion plant;^ 
were injured by O3 in open top field chamber before inoculation 
with B.squamosa. The infection was 2 times more. Further, they 
showed significantly less infection of fi- ftqt^fliwffffl by spraying 
the plants with DDX-4891, an antioxidant chemical. The effect of 
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03 on Hel«lntho3Porluin jBfiZdija infecting maize leaves was 
negative or positive, depending upon the time of exposure in 
relation to stage of fungus development as well as on the 
concentration of O3 (Beagle, 1977). When maize plants exposed 
to O3 for 6 h/day before 6 days of inoculation, sporulation 
increased at 0.06 ppm and 0.12 ppm but not at 0,18 ppm. When 
plants were exposed after 6 days of inoculation there was 
decrease in sporulation with increase in O3 concentration. 
There are a few reports on the interaction of O3 and fungus 
parasites of root. James sit &1- (1980) studied the combined 
effect of O3 and Heteyobasidion annosum on pine trees. Trees,^ 
with different degree of sensitivity of O3, were inoculated with 
fl. ianT?gffM» in an O3 polluted area near Los Angeles. One year 
later, infection and colonization of H- aTniPPa\?TB on "the needles 
and their premature fall due to O3 injury were recorded, while 
the healthy needles had no infection. Damicone ai jal. (1987) 
reported that infection of Fuaarium a^^ YaPOHMl that causes root 
and hypocotyl-rot increased soybean sensitivity to O3 by 
prolonging active vegetative growth. They also observed greater 
reduction in growth rate, net assimilation rate and more stippled 
leaves/plants in Z. oyyyp^ ytfpt and O3 exposed plants than Fuaarium 
free exposed plants. 
Plant pathogenic bacteria 
Information available in literature show that ozone inhibits 
plant pathogenic bacteria. Laurence and Wood (1978) observed 
decreased number of lesions of Pge^dprnonas glycinea on soybean 
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leaves at 0.08 or 0.25 ppm O3 for 4 h from 16 days to 1 h before 
inoculation or 1 h to 1 day after inoculation, but not after 2 
days of inoculation. Similarly, O3 at 0.20 ppm for 4 h decreased 
the number of lesions caused by Xanthomonaa fragariae on wild 
strawberry./ 
Protective effect is offered to some host plant by bacteria 
from O3 injury (Beagle. 1982). Temple and BisesSar (1979) 
observed that XfllT^fh<;>m*^nffiff phaseoli provides some protection to 
white bean leaves from ambient oxidants. However, in controlled 
conditions, X- phaseoli did not provide such protection to navy 
bean from 0.24 ppm O3 over 8 h for 1.2 or 4 days after 
inoculation (Olson and Saettler, 1979)* Pell si al-, (1977) 
reported that acute foliar injury caused by Pseudomonas sp. would 
protect soybean leaves from acute injury caused by O3 and vice-
versa. Howell and Graham (1977) also observed antagonistic 
interaction between O3 and X- alfalfa on alfalfa plants. They 
suggested that disease on alfalfa caused by X. alfalfa was 
decreased due to O3 exposure and that bacterial infection reduced 
O3 injury. 
Plant viruses 
Synergistic or antagonistic interactions between ozone and 
plant viruses have been reported. Brennan and Leone (1970) 
observed more local lesions on pinto bean leaves inoculated with 
bean common mosaic viruses 4, 5 or 6 days before exposure. 
Several other viruses (tobacco ring spot, tomato ring spot, 
alfalfa mosaic and tobacco mosaic) also provided some protection 
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from O3 injury to primary leaves of pinto beans when plants were 
inoculated 5 days before exposure (0.25 ppm for 4 h) (Davis and 
Saith, 1974a, 1974b). Protection was confined to the area around 
the lesions for all viruses except tobacco ring spot virus which 
provided a more general protection. Bisessaz- and Temple (1977) 
observed 60% less O3 injury due to O3 in field grown tobacco 
infected by TMV than non-infected virus field. Tobacco etch virus 
protected tobacco leaves from O3 (0.25 ppm for 4 h) when plants 
were exposed 9 days after inoculation (Mojrar and Smith, 1976). 
Vargo fit ^ - (1978) exposed soybean plants to 0.40 ppm 0 4 h 
after, 6,8,12 days of inoculation with tobacco ring spot virus. 
They observed less O3 injury in inoculated plants. However, 
Reinert and Gooding Jr. (1978) reported that systemic infection 
by tobacco streak virus caused tobacco plants to suffer 
significantly more injury of O3 than non-inoculated one when 
exposed to 0.30 ppm O3 for 3 h on 1 cr 2 days at 3 weeks after 
inoculation. 
ACID RAIN 
Plant pathogenic fungi 
The pH has great influence on the growth auid reproduction of 
many fungi, directly or indirectly. Effect of simulated acid 
rain has been studied on a few fungal pathogens. Simulated acid 
rain caused inhibition of ny^n^rt^mn fusiforme on leaves of 
yellow oat inoculated with aeciospores, The number of infections 
and telia were decreased when sulphuric acid at pH 3.2 was 
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applied on each of 14 days before and after inoculation (0.63 cm 
rainfall applied over 10 min per day) (Heagle, 1982), The number 
of B- maydis (Race T) lesions on the maize were increased when 
conidia were incubated in water at pH 3.5 and leaves were 
subsequently treated with 'rain' at pH 3.5 (0.63 cm over 10 
min/day for 21 days). Shriner (1978) treated kidney bean plants 
infected by Dromyces phaseoli and Meloidogyne hapla. three times 
weekly with simulated rain at pH 6.0 or 3.2 'Rain' at pH 3.2 
caused temporary inhibition of rust severity ./f Shafer fii fll. 
(1985) observed decreased number of sporangia of Phytophthpra 
f>lTiTtamotal on radicles of blue lupine seedlings with increasing 
solution acidity (pH 5.6,4.0, 3.2 and 2.4). However, release of 
200 spores from sporangia incubated in soil extracts was 
unaffected by the acidity of solutions. They further observed 
that seedlings grown in soil, inoculated with 200 spores and 
exposed to simulated rain fall (2.4 cm, 1 h ) at pH 2.4, had 44% 
fewer reduction sites on roots than did the seedlings exposed to 
rain at pH 5.6. 
Plant pathogenic bacteria 
Acid rain at levels that can occur in the field might 
significantly affect bacterial parasitism (Heagle, 1982). 
Shriner (1978) observed increased disease symptoms in kidney bean 
by PaeudoMonaa phflggoliCQla when plants were stressed by 
simulated acid rain at pH 3.2 before inoculation (0.63 cm over 10 
min/day for 10 days). 
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Interaction of air Pollutants and plant parasitic nematodes 
There are few reports on the effect of air pollutants on 
host-parasite interactions involving plant parasitic nematodes. 
Bassus (1968) reported increased populations of saprophagous and 
predaceous nematodes in areas of forests severely damaged by SO2 
and alkaline particulate materials. Kozlowska (1981) observed 
harmful effect of industrial dust on the nematode, PanagyQ 1 gt^ i^ ff 
rigjdua. WeY>er fit fil. (1979) studied the effect of SO2 and O3 of 
0.25 ppm concentration singly and in combination on reproduction 
of five plant parasitic nematodes and their host-parasite 
relationships. Exposure of infected soybean plants to O3 and O3-
SO2 mixture inhibited reproduction and development of Heterodera 
glycines and P^ratgJQhQdQyuS lalnfiJZ. while Belonol^lnnua 
longicaudatus remained unaffected. Exposure of soybean host 
plants to SO2 enhanced the reproduction of Pratylenchus EgfteitEans/ 
compared with that in plants exposed to the charcoal filtered air 
(control) or to O3. Foliar injury of begonia by O3 or O3-SO2 
mixture inhibited the increase of Aphelenchoidea fragariae. The 
suppressive effects on A- fragariae were greater in leaves pre-
exposed to O3 or O3-SO2 mixture before rather than after leaves 
were inoculated with nematodes. Shew fit StX- (1982) conducted an 
experiment to understand the interaction of £. penetraq^ and O3 
and SO2 on tomato. They exposed tomato (cv. Walter) plants to 
0.2 and 0.4 ul O3/L of air and 0.2, 0.4, & 0.8 ul SO2/L of air^ 
singly and in combination. Though, nematode suppressed the 
negative effects of 0.2 ul O3 +0.2 ul SOg/L on stem and shoot 
dry weight and 0.2 ul O3 +0.8 ul SOg/L on axillary shoot growth 
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of tomato plants. However, a mixture of 0.2 ul O3 and 0.8 ul 
S02/liter of air enhanced reproduction of P. penetrans. Blsessar 
and Palmer (1984) worked out the effect of O3 on Meloidogyne 
hapla. They transplanted seedlings of tobacco cv. Virginia-115/ 
inoculated and uninoculated with root-knot nematode larvae in 
the field, where O3 concentration was 80 ppb. Some seedlings were 
also sprayed with an antioxidant, EDU (aethylenediurea). Ambient 
O3 inhibited growth and yield of tobacco regardless of 
inoculation or non-inoculation with M. hapla. Tobacco inoculated 
with the nematode, however, suffered more ozone injury than 
uninoculated. There was 20% less galling in inoculated plants 
sprayed with EDU than non-sprayed. Shriner (1978) reported 
decreased root infection and reproduction of M.hapla on kidney 
beans when M. bacXa and qromyc«S PhftSeolJ infected plants were 
stressed with simulated acid rain at pH 3.2 three times weekly. 
Interaction of Heavy Metals and Biotic Plant Pathogeng 
Interactions between biotic 'pathogens and heavy metals have 
received considerably less attention. The use of waste water for 
irrigating crops may raise serious problems for plants. 
Pollutants of these kinds are known to enhance the prevalence of 
root diseases and predispose the plants to pathogenic damage 
((k>le fit A1., 1969). The prevalence of root disease may increase 
due to presence of several plant pathogenic fungi in sewage 
water. Cooke (1956) isolated species of Altemarla. Aspeygillus. 
Ceph9l9gP9rAvm, QhaetQwivm. Cladosporjivm. Coniothyrium. 
CttrvuXarifl, fHsarlVMB. qiiQClfldivm, MOGOr, Pencillium. Rhlzopus. 
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Scopulariopsla. Stemphyllium and TrJChQdeyma from sewage and 
polluted water. He also found that various potential plant 
pathogens reproduce well in sewage and sewage-treatment 
facilities. Several other investigators have also reported the 
presence of several plant pathogenic fungi in sewage and polluted 
water (Cooke, 1954, 1957; Becker and Shaw, 1955; Cooke and 
Hirsch, 1958). 
It has been well recognized that heavy metals affect 
adversely the microflora of soil. Waste-waters and industrial 
effluents are known to contain various heavy metals. The 
disturbance to the biological equilibirium in such soils due to 
the excess of heavy metals may have an unfavourable influence on 
soil fertility, plant development and yield (Van Facessen, 1973; 
Kobus and Kabata-Pendias, 1977; Maliszewska fit al-, 1979; 
Blsessar, 1982). Blsessar (1982) collected soil from several 
sites near lead smelter plant. He found higher concentrations of 
lead, arsenic, cadmium and copper and low population counts of 
bacteria, actinomycetes, fungi, nematodes etc. close to the 
smelter. He concluded that low populations of microbes may be 
because of the toxic effects of heavy metals present in soil in 
higher concentrations. Malissewska stt Al- (1985) studied effect 
of heavy metals on micro-organisms by adding solutions of Hg, Pb, 
As, Zn and Cu artificially in plastic pots. They observed the 
harmful effects of these metals and toxicity was in this order 
i.e. Hg > As > Zn > Pb. They further pointed out that out of the 
micro-organisms studied, the fungi and actinomycetes were more 
resistant to heavy metals. 
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A perusal of literature shows that there is voluminous work 
on effect of heavy metals on plants and soil micro-organisms. The 
effect of heavy metal pollution of soil on prevalence of root 
diseases and predisposition of plants has not received attention. 
Taking an initiative in this direction, Bisessar fijfe aX. (1983) 
worked out the effect of heavy metals on the celery plants when 
infected with biotic pathogen (root-knot nematode, Meloidogyne 
hapla). They transplanted inoculated and uninoculated celery 
plants with 1000 second stage larvae of M- liasld. in the vicinity 
of a nickel refinery where concentrations of Ni, Cu and Co were 
upto 7500 ppm, 800 ppm and 100 ppm respectively. Celery plants 
suffered with severe galling on root in metal contaminated soil. 
The interactive effect of heavy metals and JL. hapla was 
synergistic. Heavy metal deposition in celery plants was maximum 
in root and minimum in stalk. Overall deposition of heavy metals 
was significantly higher in the plants inoculated with ij. hapla 
than in uninoculated, but grown in same metal contaminated aoil.)) 
Experiment I 
EFFECT OF AMBIENT AIR POLLUTION ON TOMATO, EGGPLANT AND OKRA IN 
MIGHOPLOTS. 
In this experiment, effect of ambient air pollution, caused 
by coal burning in the Thermal Power Plant of Kaaimpur, Aligarh, 
on tomato, eggplant and okra, which are extensively grown in the 
area, was studied in the microplots at two net-houses fabricated 
at two different locations in the vicinity of the power plant. 
Plant growth and yield parameters, pigment content and epidermal 
characters of leaves were examined to assess the impact of 
ambient air pollution. 
MATERIALS AND METHODS 
Study sites 
The experiment was conducted in microplots (75x75 cm) at two 
net-houses Kl and K2, located about 1 and 2 km away respectively 
from the stack of the Thermal Power Plant, Kasimpur in usual 
wind-ward direction (west to east). A net-house having same siae 
of microplots at the University Farm, about 15 km away from the 
Thermal Power Plant, Kasimpur was selected as control 
(unpolluted) site, as it was apparently free from pollutants. 
Plant culture 
Three-week-old seedLings of tomato, Lycopersicon esculentum 
Mill. (cv. Pusa Ruby) and eggplant, S^ lflBWB Belonfi^ nfl L. (cv. 
49 
Pusa Purple Long) raised in sterilised soil in glasshouse were 
transplanted in microplots (10 seedlings/microplot) at each site. 
Five microplots were grown with seedlings of each crop. For 
okra, AbelBoachua QgcyJ-gptttg (I«-) Moen. (cv. Pusa Sawani) 20 
seeds/ microplot were sown in five microplots at each site. Two 
week later, okra seedlings were thinned to 10/microplot at all 
the three sites. Experiment on eggplant and okra was conducted 
from mid-March to mid-June, 1987. While on tomato the experiment 
was run from mid-November, 1987 to mid-February, 1988. 
Plant growth and yield 
During the experiment plants were regularly watched at 
different stages of their growth for air pollution symptoms. 
Number of flower buds being formed during the period was also 
recorded. Three-months after transplanting of seedlings (eggplant 
and tomato) or thinning of seedlings (okra), experiments were 
terminated. A few hours before termination, excess amount of 
water was added in microplots to soften the soil in order to 
uproot the plants without excessive loss of roots. Uprooted 
plants packed in polythene bags with mark of site numbers were 
brought to laboratory. Plant growth parameters like lengths of 
shoot and root, biomass in terms of fresh cUid dry weights of 
shoot and root and yield in terms of number of flower buds and 
fruits/plant were determined. 
Leaf pignents 
Pigment content of leaves, like carotenoid and chlorophyll a, 
chlorophyll b and total chlorophyll were determined by grinding 
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1 g of fresh leaves from interveinal areas in 40 ml acetone (80%) 
with the help of mortar and pastle. The suspension was decanted 
in Buchner funnel having two Whatman filter paper No.l and 
filteration was done with the help of suction pump. The residue 
was ground thrice adding 30, 20 and 10 ml acetone respectively. 
The suspension was decanted in Buchner funnel. At last, mortar 
and pastle were rinsed with acetone, transferred in Buchner 
funnel and filtered. The filtrate was transferred in 100 ml 
volumetric flask and the volume was made upto the capacity by 
adding acetone. Optical density (O.D.) in Spectrophotometer 
(Bauch & Laumb, Spectronic-20) was read at 480 nm and 510 nm for 
carotenoid and 645 nm and 663 nm for chlorophylls. Carotenoid 
and chlorophyll contents were calculated according to formulae 
given by Haclachlan and Zaiik (1963) and Mackhinney (1941) 
respectively. 
7.6 X (O.D. 480) - 1.49 (O.D. 510) 
Carotenoid = 
d X 1000 X W 
V 
Chlorophyll a = 12.7 (O.D. 663) - 2.69 (O.D. 645) x 
1000XW 
V 
Chlorophyll b = 22.9 (O.D. 645) - 4.68 (O.D. 663) x 
1000xW 
V 
Total chlorophyll = 20.2 (O.D. 645) + 8.02 (O.D. 663) x 
1000XW 
d - Length of the light path. 
V - Total volume of the chlorophyll solution. 
W - Fresh weight of leaf 
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Leaf epidermal characters 
Fresh and mature leaves were fixed in F.A.A. and later 
preserved in 70% ethanol. Leaf pieces of 1 cm'' size were cut 
from the preserved leaves between the midrib and leaf margins. 
The leaf pieces were then treated with 40% HNO3 to separate the 
epidermal peels (Ghouse and Yunus, 1972). Thenafter, epidermal 
peels were washed in water and were stained with iron-alum, 
haematoxylin and bismark brown, dehydrated in ethanol series and 
mounted in Canada balsam for microscopic examination. Numbers of 
stomata and trichomes present over both lower and upper epidermal 
peels of 1 cm size were counted and their sizes were measured. 
Air pollution monitoring 
For quantitative and qualitative analysis of air pollutants 
present in the ambient air of the experimental sites, air was 
sampled with the help of High Volume Air Sampler (Envirotech, New 
Delhi, APM-415) at the rate of 1.5 liter/minute for three hours 
monthly during the period of experiment and seasonal averages for 
winter, summer and monsoon and annual average were calculated 
(Table 1). The ambient concentration of sulphur dioxide, nitrogen 
dioxide, ozone and suspended particulate matter (SPM) which are 
usually produced due to coal burning, were determined. As all the 
units of power house remain operational 24 hours, it was not 
considered desirable to do sampling round the clock to determine 
the peak concentration of the air pollutants. For sampling of 
SO2, NO2 and O3, 20 ml absorbing media of sodium tetra-
chloromercurate solution (for SO2), sodium hydroxide-sodium 
arsenite solution (for NO2) and alkaline potassium iodine 
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solution (for O3), were taken in separate impingers and air was 
sucked by the pump of the sampler through these media. Particular 
gas was absorbed in the specific medium (Anon., 1986). Amount of 
SPM g/m of air was determined by placing Whatman microfilter 
paper grade GF/A of 25.5 x 20.5 cm size on the mashed tray of the 
sampler. The particulates suspended in the air, were collected 
on the filter paper by passing air through the filter paper. By 
knowing the aunount of particulate matter deposited on filter 
paper and total volume of the air passed through the paper, SPM 
g/m^ was calculated (Anon., 1986). 
Soil pH and water holding capacity 
Soil pH was measured by preparing soil suspension in water 
in the ratio of 1:10. Ten grams of crushed and thoroughly mixed 
sampled soil was taken with 100 ml double distilled water and 
agitated for an hour. Thenafter, it was filtered through a 
filter paper and filtrate was used for the measurment of pH by 
glass electrodes (Jackson, 1958). 
Water holding capacity was determined by taking 100 g of 
thoroughly crushed and mixed and oven dried soil in circular brass 
box with perforated bottom, of known weight. The box with soil 
was left submerged in a petridish containing water. After 12 h, 
the box was taken out from the petridish. Th6 excess water was 
allowed to evaporate at room temperature. Thenafter, box with 
water soaked soil was weighed and the water holding capacity 
(g/100 g of soil) was calculated by substracting weight of soil + 
water from actual weight of soil (100 g) (Jackson, 1958). 
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Particulate matter deposition over leaf 
To determine the amount of particulate matter deposited over 
the leaves of test crops (tomato, eggplant, okra), leaves of 
relatively same size and age from all the study sites, carefully 
collected in polythene bags were brought to laboratory. Later, 
leaves of 1 cm^ in size were cut and weighed. After weighing, 
the leaf pieces were gently rinsed in water in order to remove 
the deposited particulate matter. Thenafter, leaf pieces were 
placed between tissue paper to remove the excessive water due to 
washing. The leaf pieces were again weighed and by substracting 
the weights of leaf pieces before and after rinsing, the amount 
of particulate matter deposited over leaf surface (g/cm ) was 
determined. 
RESULTS 
Air pollutants and soil characters 
The soil of site Kl (located at a distance of approximately 
1 km away from the stack of the Thermal Power Plant) was almost 
black coloured due to heavy accumulation of flyash. The annual 
average concentrations of SO2, NO2 and O3 were highest at K2 
(Table 1). The concentrations of these air pollutants at Kl were 
also greater than at the control site. However, annual average 
concentration of suspended particulate matter (SPM) was highest 
at Kl (0.0186 g/m^) followed by K2 (0.00935 g/m^ in comparison to 
control (0.0047 g/m ). Seasonally, concentrations of these air 
pollutants specially SO2, NO2 and SPM were higher in summer than 
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in winter, with lowest in monsoon (rainy season). Water holding 
capacity of Kl soil was highest followed by K2 soil. In the soils 
of both the sites, it was greater than of control site (Table 1). 
The pH of soil of control site was almost neutral (7.2), while of 
Kl it was slightly alkaline (7.8), however, it was slightly 
acidic at K2 (6.4) (Table 1). 
Particulate deposition on leaf 
A thin layer of back coloured particles was formed on the 
upper leaf surface of the plants at both the sites (Kl and K2). 
However, this layer was more apparent at Kl than K2. Crop-wise, 
particulate matter deposition was highest on the leaves of 
eggplant (0.0653 g/cm^) followed by okra (0.0243 g/cm^) and 
tomato (0.0135 g/cm ) at Kl. Similar trend was also recorded at 
K2 (Table 2). 
Table 2. Particulate matter deposition on leaf surface. 
Crop Particulate matter deposition over leaf surface (g/ cm^) 
Kl K2 Control 
Tomato 
Eggplant 
Okra 
0.0135 
0.0653 
0.0243 
0.0068 
0.0184 
0.0077 
0.00035 
0.00073 
0.00058 
Each value is the mean of five replicates. 
Kl - Polluted site, 1 km away from the stack. 
K2 - Polluted site, 2 km away from the stack. 
Control - Unpolluted site, at the University farm. 
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TOMATO, LYmPERSICON ESCOLKNTOM MILL. 
Symptoms 
Foliar symptoms like browning of margins and interveinal 
areas of leaves with or without chlorosis appeared on tomato 
plants grown at the polluted sites (Kl & K2). These symptoms 
were relatively more pronounced at K2. Pre-mature fall of leaves 
and flowers was also recorded at Kl and K2. 
Plant growth and yield 
In general, plant growth was better at Kl than at control 
site. A non-significant increase in length, fresh and dry weights 
of shoot and significant increase in length and fresh weight of 
root (at P=0,05) were observed in plant grown at Kl (Table 3). 
However, at K2 root and shoot legnths and their fresh and dry 
weights were significantly reduced (at P=0.05) in comparison to 
the plants grown at Aligarh (control). 
An increase (at Kl) or decrease (at K2) observed in number 
of flowers/plant were not significant (Table 3). Number of 
fruits/plant was, however, significantly declined at the polluted 
sites (Kl and K2). Per cent reduction was 41.66% at Kl and 50.0% 
at K2 (Table 3). 
Leaf pigments 
The pigments of tomato leaves were adversely influenced in 
the plants grown at both Kl and K2 (Table 4). A non-significant 
reduction in chlorophyll content was recorded at Kl. However, at 
K2 significant reduction occurred in chlorophyll a and total 
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59 
chlorophyll. Reduction in chlorophyll b was significant at only 
P=0.05, in comparison to the control. Chlorophyll a was more 
adversely affected than chlorophyll b. Carotenoid content was 
significantly reduced in the leaves of tomato plants grown at Kl 
and K2 (only at P=0.05) (Table 4). 
Leaf epidermal characters 
An increase in trichome count and decrease in stomata count 
of tomato leaves were found at polluted sites over control site 
(Table 5). This effect was more in plants grown at Kl than K2. 
Similarly length of trichomes was also greater on the leaves of 
plants grown at Kl than K2. At both the polluted sites, trichomes 
of upper leaf surface were relatively longer than the lower leaf 
surface. In contrast, at the control site, trichomes of upper 
surface were smaller than those on lower surface. Stomatal size 
also decreased at both the polluted sites. The size of stomata 
at K2 was smaller than Kl but stomatal aperture was wider at K2 
than at Kl. At both the polluted sites, stomatal size was 
smaller and aperture was bigger than at the control site 
(Table 5). 
EGGPLANT, ££)LAm2lS MKLONGENA L. 
Symptoms 
Plants grown at the polluted site K2 exhibited alight 
browning of leaf margins which may be attributed to air 
pollution. In some leaves browning of interveinal areas was also 
seen. These symptoms were not present on the plants grown at Kl. 
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Pre-ma-bure fall of leaves and flowers was recorded, however, at 
both the sites. 
Plant growth and yield 
Better plant growth was observed at Kl than K2 or control. 
Increase in length, fresh and dry weights of shoot was not 
significant while length and fresh weight of root were 
significantly increased. Growth of plants was suppressed at K2. 
Shoot growth was more affected than root growth. Significant 
reduction was noticed in the length and fresh and dry weights of 
shoot in plants grown at K2 in comparison to the control. Though 
reduction in all the parameters of root growth was recorded, it 
was significant only for fresh weight (Table 6). 
Flowering at Kl was increased by 12.5% while at K2 it was 
same as that of control site. However, fruit setting (number of 
fruits/plant) was significantly reduced both at Kl and K2 
(Table 6). 
Leaf pigments 
Pigment content of eggplant leaves were reduced both at Kl 
and K2 (Table 7). Carotenoid content was significantly decreased 
at K2 (19.42%) (at P=0.05). Significant reduction in chlorophyll 
content occurred both at Kl (at P=0.05) and K2 (P=0.05 and 
P=0.01). Comparatively chlorophyll a was more adversely affected 
than the chlorophyll b. 
Leaf epldenoal characters 
Number of stomata/cm^ of leaf surfaces was reduced gradually 
with increasing distance from the stack, as lowest stomata count 
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wa3 observed at K2 (Table 8). However, the number of 
trichomes/unit area of leaf was highest at Kl followed by K2. 
Similar, trend in average length of trichomes was also found, 
longest being at Kl followed by K2, and smallest at the control 
site. Reduced stomatal size was observed in the leaves both at 
Kl and K2 in comparison to the control site. Stomata were 
smallest at K2. Stomatal aperture was widest at K2 followed by Kl 
(Table 8). 
OKRA. ABELMOSCHDS BSCOIJSttTPS (L. ) MOEN. 
Symptoms 
Browning of margins and interveinal areas of leaves 
accompanied with slight chlorosis was observed on the plants 
grown at Kl and K2. These symptoms were more common and evident 
on the plants grown at K2 than Kl . Chlorosis, however, did not 
appear at Kl but the colour of leaves in general at this site was 
brownish green. Premature fall of leaves and flowers was also 
recorded at both the sites. 
Plant growth and yield 
Growth of okra plants grown at Kl was enhanced (Table 9). 
Significant increase in comparison to control site was observed 
in only shoot length. Root was more favourably influenced, as 
length and fresh weight (at P=0.05 and P=0.01) and dry weight 
(at P=0.05) were significantly greater than at control site. Okra 
plants grown at K2 responded negatively to ambient air 
pollution. Significant reduction in all growth parameters except 
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dry weight of shoot, was noticed in the plants grown at K2 
(Table 9). 
Flowering of okra plants at Kl was not affected. A non-
significant decline in flowering at K2 was, however, noted. Fruit 
setting was significantly reduced both at Kl (P=0.05) and K2 
(P=0.05 and P=0.01) (Table 9). 
Leaf pigments 
Chlorophyll and carotenoid in okra leaves were adversely 
influenced both at Kl and K2. At Kl, significant reduction in 
all the pigments content except chlorophyll b (at P=0.05) 
occurred in comparison to the control. At K2, all the pigments 
including chlorophyll b were significantly reduced (at P=0.05 and 
P=0.01) as compared to the control site (Table 10). 
Leaf epidermal characters 
Number of stomata on leaf surfaces was lower at the polluted 
sites (Kl and K2) than the control site (Table 11). This effect 
was more at K2 than Kl. Similarly trichomes count was also higher 
at K2 than at Kl and the control site. Trichomes were longer at 
K2 than Kl. Stomatal size and stomatal aperture were also 
influenced by the pollution. Size of stomata was reduced, being 
smallest at K2. Conversely, aperture of stomata was widest at K2. 
DISCUSSION 
The air pollution monitoring data of the two polluted sites 
(Kl and K2) in the vicinity of the Thermal Power Plant, Kasimpur 
and control site (Aligarh) showed that sulphur dioxide, nitrogen 
68 
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dioxide and suspended particulate matter (SPM) were the major air 
pollutants present in higher concentrations at Kl and K2, 
produced during coal burning in the power plant, SO2, NO2 and 
particulates are mainly produced due to usage of fossil fuel as 
an energy source (Wood, 1968; Carlson, 1983). The concentration 
of SPM, mainly flyash was higher at Kl than K2. However, SO2 and 
N02 concentrations were higher at K2. Higher concentration of SPM 
at Kl (1 km away from the stack of the power plant) might be due 
to the fact that the particulate air pollutants because of their 
weight, can not travel much distance. 
Gaseous air pollutants can cover a long distance which 
depends upon the height of the stack, wind direction and velocity 
and other topographic conditions (Agrioa, 1988). Height of the 
stack of the power plant was apparently responsible for the lower 
concentration of SO2 and NO2 at Kl than at K2. Higher water 
holding capacity and pH value of soil at Kl may be attributed to 
the presence of flyash in heavy aunount, as the soil of this site 
was black in colour upto one feet deep. Earlier, it has been 
shown that flyash can increase pH of the soil (Adriano, 1980; 
Elseewl, 1980). Slight acidic pH of soil of K2 may be due to 
presence of comparatively higher concentration of SO2 and NO2 in 
the air of this site. These pollutants are absorbed by soil 
(Abeles s4 Al- 1971) and react with soil water to from hydrogen 
ions and ions composed by sulphur and nitrogen. Sulphur dioxide 
and nitrogen dioxide also combine with atmospheric water to form 
corresponding acids which fall on ground during the precipitation 
(Oden, 1968). 
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Plants of tomato, eggplant and okra grown at the polluted 
site (K2) exhibited common symptoms like browning of leaf margins 
and interveinal areas with or without chlorosis. At Kl slight 
browning of leaf margins occurred only in tomato plants. It is 
well recognized that air pollutants enter through stomata and 
cause injuries directly in leaf tissue or interfere biochemically 
during the various processes of photosynthesis (Mudd and 
Kozlowski, 1975; Pell, 1979; Carlson, 1983; Heck at A1., 1986). 
Sulphur dioxide and nitrogen dioxide singly and in combination 
are reported to cause browning and chlorosis on leaves of green 
plants (Barrett and Bendict, 1970; Taylor and Eaton, 1966). 
According to Tingey et QX- (1971) SO2 and NO2 usually occur 
together in ambient condition and act synergistically to 
influence plant response. The concentration of SO2 and NO2 were 
not very high at K2 but vegetable plants at this site exhibited 
some specific symptoms and reduced growth. Synergistic 
interaction of these two gaseous pollutants might have caused 
these effects. Sometime two or more pollutants when present 
together in the concentrations below pollution threshold level 
act synergistically (Manser and Heggestad, 1966; White fii al.. 
1974; Carlson, 1983; Reinert, 1984). The black coloured layer of 
particulates over leaf surface confirmed the source of these 
particulate air pollutants. These particulates may plug the 
stomatal cavities resulting in dysfunctioning of stomata (Ricks 
and Williams, 1974; Fluckiger si M-, 1978, 1979). In addition 
to this, particulate matter deposition increases the rate of 
transpiration and uptake of gaseous air pollutants (Beaaley, 
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1942; Eveline, 1969; Ricks and William, 1974). These adverse 
effects of particulates further contributed towards the growth 
reduction in plants. Particulates might have also acted 
synergistically with SO2 and NO2. Excessive transpiration and 
uptake of gaseous air pollutants (SO2 and NO2)i reduced solar 
light (due to thin layer of particulates on leaf) and reduced 
pigment contents of leaves due to long term continuous exposure 
of plants to air pollutants seemingly were causes of the foliar 
symptoms. Earlier, several workers have reported reduced 
chlorophyll content due to SO2 and NO2 (Pandey and Rao, 1978; 
Lauenroth and Dodd, 1981; Sabaratnam j£t A1., 1988). The higher 
degree of leaf fall specially at K2 was either due to injured and 
weak ' leaves both quantitatively and qualitatively or air 
pollutants stimulated the formation of abscission layer. Such 
effects are attributed to air pollutants (ZlimBermann, 1950). 
In all the three vegetable crops, significant increase in 
root growth was noted at Kl, the site nearer to the source of 
pollution. This increased growth may be attributed to presence of 
flyash in the soil of this site in heavy amount. Presence of 
several nutrients in flyash in enough amount which favourably 
influence the growth of plants has been claimed (Druzina sit SLL- > 
1983). In addition, flyash also neutralizes pH and increases 
water holding capacity of soil (Adrlano 1980; EIseewi> 1980). 
However, the non-significant increase in shoot growth may be due 
to interactive effect of favourable and unfavourable conditions 
i.e. nutritionally rich soil promoting the growth which in turn 
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facilitated better growth of shoot while the SO2 and NO2 and 
particulate matter deposited over leaf surface adversely-
affecting the foliage. 
The plants grown at K2 suffered significant losses in growth 
and productivity. At this site, though particulate air pollutants 
were present in low concentration, but the presence of SO2 and 
NO2 comparatively in higher concentrations played major role in 
inhibiting the growth of vegetable crops. The two air pollutants 
which were present in higher concentrations at K2 are 
individually well known for their adverse effects on vegetable 
crops (Th(»npson ^ 4 fil-, 1970; Sprugel sit jal-. 1980; Reinert ^ 
al., 1982; Sinn and Pell, 1984). Klarer si jd- (1984) reported 
more reduction in soybean growth due to mixture of SO2 and NO2 
than their individual effects. Some researchers have also shown 
the suppressed growth of plants grown in coal smoke polluted 
areas (Sheffer and Hedgcock, 1955; Blaney fii jJL'. 1977). In the 
present study, continuous long term exposures to air pollutants 
(mainly SO2 and NO2) reduced the growth and biomass of tomato, 
okra and eggplant at a site about 2 km away from stack of power 
plant. 
Decreased leaf pigment content of plants grown both at Kl 
and K2 suggested that air pollutants interfered in photosyn-
thesis and the synthesis of carotenoid and chlorophylls or 
caused their destruction. Hou fii sd.- (1977) observed inhibition 
in photosynthesis in alfalfa exposed to NO2 and SO2. Sulphur 
dioxide and nitrogen dixoide are reported to reduce photosyn-
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thesis and chlorophyll content (Paztdey and Rao 1978; Rabe and 
Kreeb, 1979, 1980; Lauenroth and Dodd, 1981; Sabaratnam sfe al., 
1988). SOo and NOo also induce some other structural and chemical 
abnormalities in the chloroplasts (Wellbum ^ Al-» 1972; 
Miazsalski and Ziegher, 1979; Grill sit al. , 1979). This reduction 
in carotenoid and chorophyll contents may also be either due to 
formation of thick crust on leaves which increased the leaf 
temperature and transpiration (Beasley 1942; Evellng, 1969; 
Kller, 1977; Fluckiger ai fll., 1978) Rao and Le Blanc (1966), 
Periasaoqr and Vivekanandan (1982) and Gupta and Ghouse (1987) 
reported that chlorophyll a is more sensitive than chlorophyll b 
to SO2 and particulates. In the present study per cent reduction 
of chlorophyll a was higher than chlorophyll b in all the three 
vegetables leading to significantly decreased total chorophyll 
content. The known effects of SO2 and NO2 on chloroplast and 
photosynthesis (Hill and Bennett, 1970; Bull and Mansfield, 1974; 
Black and Dnsworth, 1979; Saxe, 1983a) together with the observed 
effects on carotenoid and chlorophyll contents of leaves, 
suggested that air pollution caused by coal fired power plant 
decreased photosynthetic activity, reduced photoassimilate supply 
and hence, reduced dry matter and yield. In addition to these 
factors which finally resulted into reduced yield, diminished 
growth of pollen tubes leading to failure of fertilization 
(Linzon, 1978) might have also contributed to the yield reduction 
(number of fruits/plant). Increased number of flowers (per plant) 
but significantly reduced yield at Kl in tomato, okra and 
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eggplant indicate the involvement of air pollutants in 
fertilization. 
Lower stomatal and higher trichome counts were observed in 
the leaves of plants grown at the polluted sites. Since, gaseous 
air pollutants enter through the stomata (Pell, 1979), low 
stomata count might be a defensive response to air pollutants, 
and an structural adaptation to check the entry of the gases. 
Evidently trichomes offer an outer-line of physical defence 
specially against the phytotoxic air pollutants both gaseous and 
particulate (Levin, 1973). The devlopment of longer trichomes 
recorded on the leaves of tomato, eggplant and okra grown in 
polluted areas was a possible adaptation to trap the particulate 
air pollutants to accomplish added protection in the polluted 
environment. Slightly longer trichomes on upper leaf surface of 
plants grown at Kl than at K2 further supports the above 
contention, because particulate matter deposition over leaf 
surface at this site was higher than at K2. The sensitivity of a 
plant species depends upon the response ot stomata to a 
particular air pollutant. In tolerant species the stomata close 
as a plant is exposed to pollutant even at low concentration 
(Faensen-Thiebes, 1983). Low stomata count and smaller stomata 
recorded at polluted sites suggested that the plants tried to 
bring structural modifications in order to defend themselves in 
adverse conditions. But these adaptations failed in long term 
contineous exposures. Wider stomatal aperture at K2 where SOg and 
NO2 were present in higher concentrations, suggested that 
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possibly plants could not defend themselves leaving stomata open 
providing clear passage for pollutants entry. The excessive 
amount of phytotoxic sulphite ions due to long term exposures 
might have injured the guard cells which resulted into permanent 
opening of stomata (Kats, 1939; Thomas, 1951). 
SDMHARY 
Impact of ambient air pollution caused due to coal burning 
in a thermal power plant (Thermal Power Plant, Kasimpui*) was 
studied on tomato, eggplant and okra in microplots at two sites 
(Kl and K2) 1 and 2 km away from the stack. High concentrations 
of particulate air pollutants at Kl and SO2 and NO2 at K2 were 
recorded in air pollution monitoring. Impacts of air pollution on 
different parameters considered in the study showed variations. 
These variations depended upon the concentration of the 
pollutants, distance from the stack and crop involved. Plant 
growth, yield, leaf pigment content and epidermal characters of 
leaves were greatly influenced. The air pollutants also induced 
some recognizsable symptoms on foliage. These features of air 
pollution effects were almost same in trend on all the three 
vegetables. Plant growth of all the vegetable crops was better at 
Kl but yield was adversely affected. Plant growth and yield of 
the vegetables were, however, significantly reduced at K2. 
Air pollutants reduced the leaf pigment content of all three 
vegetable, at both the sites. Reduction was greater at K2. Per 
cent reduction was more in chlorophyll a than chlorophyll b. Air 
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pollutants also induced changes in epidermal characters of leaves 
of all the vegetables at both the sites. In general, low stomata 
counts/cm^ surface with reduced size of stomata and high trichome 
counts/cm^ sind increase in trichome length were observed on the 
leaves of the vegetables as a response to ambient air pollution. 
Stomatal aperture was wider at Kl and K2 than at the control 
site. All the morphological alternations of leaf epidermis were 
more at K2 than at Kl. 
Experiment II 
INTERACTION OF AMBIENT AIR POLLUTION AND ROOT-KNOT NEMATODE, 
MELOIDOGYNE INCOGNITA RACE 1 ON TOMATO, EGGPLANT AND OKRA. 
This experiment was conducted in the pots having autoolaved 
soil (clay, sand, compost 2:1:1) at two net-houses (used in 
Exp.I) in the vicinity of the Thermal Power Plant, Kasimpur, to 
study the impact of ambient air pollutants on tomato, eggplant 
and okra and interaction of the air pollution with Meloidogyne 
incognita Race 1 which was frequently encountered on the 
vegetables included in the experiment around the power plant. The 
nematode was inoculated artificially. The main objective of the 
experiment was to know whether the root-knot nematode increases 
the crop sensitivity to air pollutants or continuous long term 
exposures of coal-smoke pollutants predispose the plants to 
pathogenic daimage caused by the nematode or vice-versa. 
MATERIALS AND METHODS 
Treatments and plant culture 
Three-week-old seedlings of tomato, Lycopersicon esculentum 
Mill. cv. Pusa Ruby and eggplant, Solanum roelongena L. cv. Pusa 
Purple Long, of relatively same size were transplanted separately 
into 15 cm clay pots containing steam-sterilized soil (clay, 
sand, and compost 2 : 1 : 1) at three net-houses, two in the 
vicinity of the Thermal Power Plant, Kasimpur about 1 km (Kl) and 
2 km (K2) away from the stack in usual wind-ward direction and 
one at University Farm in unpolluted area (control). In equal 
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number of pots at each net-house, seeds of okra Abelmoschua 
esculentus (L.) Moen. cv. Pusa Sawani (5-10 seeds/pot) were sown. 
Ten days after sowing, plants were thinned to one in each pot. 
After one week of transplanting (tomato and eggplant) or 
thinning (okra), 2000 freshly hatched second stage juveniles of 
Meloldogyne incognita (Kofoid and White, 1948) Chitwood, 1949, 
Race 1 (2000 J2/PO"t) were added in the pots designated to 
receive the nematode, at each net-house. Treatments for each crop 
were as follow: 
1. O J2 + Control (Uninoculated plants at the University Farm, 
Aligarh). 
2. 2000 J2 + Control (Inoculated plants at the University Farm, 
Aligarh). 
3. O J2 + Kl (Uninoculated plants at a site 1 km away from the 
stack of the power plant). 
4. 2000 J2 + Kl (Inoculated plants at a site 1 km away from 
the stack of the power plant). 
5. O J2+K2 (Uninoculated plants at a site 2 km away from the 
stack of power plant). 
6. 2000 J2 + K2 (Inoculated plants at a site 2 km away from the 
stack of power plant) 
Each treatment was replicated five times. Experiment on 
eggplant and okra was conducted from April 1987 to June 1987, and 
on tomato from November, 1987 to January, 1988. Pots were 
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watered regularly and periodically at each net-house. During the 
tenure of the experiments, air pollution monitoring was done to 
determine the concentration of sulphur dioxide (SO2) nitrogen 
dioxide (NOo). ozone (O3) and suspended particulate matter (SPM) 
by the same methods as described in Expt I. During the experiment 
period plants of each crop were regularly watched for air 
pollution symptoms and number of flower buds produced were noted. 
A.t termination, parameters of plant growth, biomass, yield, etc. 
were determined. Number of galls and eggmasses/root system were 
also counted in nematode inoculated plants. 
RESULTS 
Concentration of sulphur dioxide and nitrogen dioxide was 
higher at K2, while suspended particulate matter was higher at Kl 
(Exp. I - Table 1). Particulate matter deposited over unit area 
of leaf surface was higher at Kl than K2 for all the three 
vegetables. Trend in the amount of particulates deposited on 
leaves of vegetables was similar to that obtained in the Exp. I 
(Exp. I - Table 2). 
TOMATO, LYCOPKRSICON gggPLENTPM MILL. 
SYMPTOMS 
Foliage of tomato plants grown in pots at Kl and K2, 
irrespective of inoculation or uninoculation exhibited some 
symptoms. Browning of leaf margins at Kl and browning of 
interveinal areas together with margins accompanied by slight 
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chlorosis at K2 appeared on both inoculated or uninoculated 
plants. Pre-mature fall of leaves and flowers occurred specially 
at K2. 
Plant growth and yield 
Root-knot nematode alone caused significant reduction in 
shoot (15.95%) and root lengths (14.70%), Ambient air pollution 
also suppressed plant growth both at Kl and K2. Suppression in 
shoot length was 27.37% and in root length 16.29% at K2 over 
uninoculated control (significant at P=0.05). H. inco^lta 
inoculated plants both at Kl and K2 exhibited greater reductions. 
It was 16.67% and 42.05% greater in shoot length and 13.48% and 
25.84% in root length at Kl and K2 respectively, in comparison to 
nematode inoculated plants of control site. The reductions 
observed at K2 were significant. At Kl, the reduction in shoot 
length was only significant (at P=0.05) (Table 1). 
M- incognita also caused significant reduction in fresh 
weights of shoot and root (Table 1). Pollution stressed 
inoculated plants suffered greater reductions. Plants at Kl and 
K2 exhibited significant reduction in fresh weight of shoot. At 
Kl, it was significant at P=0.05. Reduction in root fresh weight 
was significant only at K2 (at P=0.05). In pollution stressed 
uninoculated plants, reduction in fresh weight of shoot and root 
over uninoculated control was significant at K2 only (Table 1). 
Root-knot nematode significantly reduced dry weights of 
shoot and root. Dry weights of shoot and root of plants at K2 
were also significantly reduced due to ambient air pollution 
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alone when compared to uninoculated plants of control site. 
Similarly, significantly reduced dry weight of shoot in pollution 
stressed inoculated plants was also recorded at K2 only in 
comparison to inoculated control (Table 1). 
Flowering and fruiting was affected by air pollution stress 
and root-knot nematode individually as well as by their combined 
effects (Table 1). Number of flowers/plant significantly declined 
at the polluted site K2 both in nematode inoculated and 
uninoculated plants. In rest of the treatments reductions were 
not significant. Significantly suppressed fruit setting (number 
of fruits/plant) was recorded in all the treatments except in 
nematode inoculated plants at Kl (Table 1). Highest reduction in 
fruit setting was recorded in pollution stressed plants at K2 
both in nematode inoculated and uninoculated plants. 
Leaf pigments 
The pigment contents of tomato leaves were adversely 
affected in all the treatments in comparison to control (Table 
2). A significantly greater reduction occurred in carotenoid and 
chlorophyll content of leaves in nematode inoculated plants over 
uninoculated plants at control site. Chlorophyll b was 
significantly reduced (at P=0.05). Similar trend in reduction was 
also recorded in uninoculated plant at K2 when compared to 
uninoculated control. Significant reduction in carotenoid, chlo-
rophyll a and total chlorophyll contents occurred in inoculated 
plants at K2 in comparison to that of inoculated plants of 
control site. 
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Leaf epldemal characters 
The nematode inoculation and pollution stress affected 
epidermal characters of leaves. The leaves of inoculated plants 
grovra at control site exhibited less stomata and trichomes per 
unit area of both surfaces in comparison to uninoculated plants 
at same site (Table 3). Reduced stomatal size and aperture were 
also observed. However, trichome length was unaffected. Stomata 
counts/cm were also decreased on both leaf surfaces of plants 
grown at Kl and K2. This decrease was greater in nematode-
inoculated plants than in uninoculated plants. This impact of 
pollution was greater at K2 than at Kl. Conversely, trichome 
counts were increased in the plants grown at the polluted sites. 
Trichome counts were greater on the leaf surfaces of plants at K2 
than at Kl. In both inoculated and uninoculated plants length of 
trichomes was greater at Kl than at K2. Size of stomata was 
reduced but their aperture increased in all the treatments as 
compared to control. Stomata were smallest (in size) and widest 
(in aperture) at K2 in nematode inoculated plants followed by the 
inoculated plants of Kl site (Table 3). 
Root-lEnot disease 
Root-knot disease on pollution stressed plants was favoured. 
The intensity of the disease (number of galls/root system) and 
the reproduction of nematode (number of eggmasses/root system) 
were enhanced at both the polluted sites in comparison to 
inoculated plants at control site (Table 1). These measures were, 
however, significant at K2. Reproduction of the nematode observed 
at K2 also significantly differed from that of Kl. 
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EGGPLANT, SOLANDM MELOHGENA L. 
Symptvoms 
Plants grown in pots at Kl site showed no specific symptom 
attributable to air pollution. A layer of particles, black in 
colour, formed by accumulation of particulates was, however, 
observed on leaves at Kl. At K2, browning of margins and 
interveinal areas of leaves was noticed. 
Plamt growth and yield 
Growth of eggplant was suppressed at both the polluted sites 
in comparison to control (unpolluted) site, but to a varying 
extent (Table 4). Ij. incogpita caused significant reduction in 
length and fresh and dry weights of shoot at P=0.05 in comparison 
to uninoculated control. Reductions in all growth parameters and 
biomass of plants irrespective of treatments were observed both 
at Kl and K2. The reductions at Kl were not significant. At K2, 
significant reduction in length and fresh and dry weights of 
uninoculated plants occurred in comparison to uninoculated 
control at P=0.05. Significant reductions were also noticed in 
these measures of shoot of inoculated plants at K2 in comparison 
to inoculated control. These parameters of root of inoculated 
plsmts at Kl and K2 were not significantly reduced when compared 
to inoculated plants of control site (Table 4). 
No significant effect occurred on flowering but fruit 
setting was significantly reduced by root-knot nematode and air 
pollutants alone and in combination (Table 4). In JJ. Incognita 
inoculated plants grown at control site, fruit setting was 
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significantly less than in uninoculated plants at P=0.05. In 
uninoculated and inoculated plants grown at K2, a significant 
decline in number of fruits/plant occurred in comparison to 
uninoculated and inoculated plants at control site. Greater 
reduction occurred at K2 than at Kl (Table 4). 
Leaf pigBents 
M. ipri^ gttita significantly reduced leaf pigment content in 
comparison to the control. Reduction in leaf carotenoid content 
was significant (at P=0.05) in inoculated and uninoculated plants 
at K2 than at control site (Table 5). Ambient air pollution 
significantly reduced chlorophyll content of inoculated and 
uninoculated plants grown at K2 than at control site (Table 
5). Reduction in leaf pigments content of uninoculated plants at 
Kl was not significant . However, significant reduction at Kl was 
recorded in total chlorophyll content of inoculated plants in 
comparison to inoculated control (at P=0,06). 
Leaf epidermal characters 
The epidermal characters given in Table 6 show that stomata 
counts of eggplant leaves of nematode inoculated plants were 
lower than uninoculated plants. Ambient air pollution reduced the 
stomata counts in plants grown at Kl and K2 sites. The reduction 
was greater at K2 both in inoculated and uninoculated plants than 
at Kl. Nematode inoculation caused reduction in number of tricho-
mes/cm on leaf surfaces. However, at both the polluted sites 
trichome counts were increased. Number of trichomes/cm on upper 
leaf surface was highest at Kl and on lower leaf surface at K2 in 
90 
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uninoculated plants. Trichome counts of inoculated plants at K2 
were more or less equal to those of uninoculated control. 
Trichome length in inoculated and uninoculated plants at control 
site was almost equal. However, in pollution stressed plants, 
highest count of trichomes with prolonged length was observed on 
the upper leaf surface of uninoculated plants at Kl and lower 
leaf surface of uninoculated plants at K2. Among the inoculated 
treatments, these modifications were more at Kl than at K2. 
Comparatively small stomata were observed in inoculated plants 
of the control site than in uninoculated. Further reduction 
occurred in stomatal size due to ambient air pollution. Smallest 
stomata were found in nematode inoculated plants at K2. Wider 
aperture of stomata was, however, observed in the plants grown at 
polluted sites than at unpolluted site. Aperture was widest in 
inoculated plants grown at K2. 
Root-knot disease 
Significant increase in number of galls/root system was 
recorded in the plants grown at K2 when compared to control site. 
Root galling at K2 was also significantly greater (at P=0.05) 
than at Kl. Number of eggmasses/root system at K2 was signi-
ficantly higher than at control site . At Kl, however, increase 
in galls and eggmasses counts was not significant (Table 4). 
OKRA, ABKLMOSCHOS ESCOLENTOS (L.) MOEM. 
Symptoms 
The okra plants grown in pots at the polluted sites showed 
browning of leaf margins and premature fall of leaves and 
93 
flowers. These symptoms were not much frequent at Kl, however, 
they were common and more evident at K2. No difference in 
symptoms on inoculated and uninoculated plants was recorded. 
Plant grovrth. and yield 
Growth of okra plants was unfavourably influenced by ambient 
air pollution and M- incognita Race 1, singly and in 
combination (Table 7). Root-knot nematode caused significant 
reduction in length and fresh and dry weights of shoot and fresh 
and dry weights of root at P=0.05. Reductions noticed in shoot 
and root growth in inoculated and uninoculated plants at Kl were 
not significant. The plants grown at K2 exhibited significant 
reduction in length and fresh and dry weights of shoot in 
comparison to uninoculated plants at control site. However, in 
root at K2, reductions were significant only at P=0.05. The 
inoculated plants at K2 exhibited significant reduction in length 
and fresh and dry weight of shoot when compared to nematode 
inoculated control. Length and fresh weight of root of inoculated 
plants of K2 were significantly reduced at P=0.06 and dry weight 
at P=0.05 and P=0.01 than the inoculated control. 
Flowering was affected in inoculated plants grown at K2. 
Number of flowers/plant was significantly reduced (at P=0.05). In 
other treatments, flowering remained unaffected. M. incpgnita 
caused significant reduction in number of fruits/plant (yield) 
(at P=0.05). Ambient air pollution also caused significant 
reduction in okra yield in uninoculated plants grown at K2 when 
compared to the control site. Similarly, fruit setting was also 
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significantly inhibited in inoculated plants at K2 in comparison 
to inoculated control. Reduction in number of flowers or 
fruits/plant at Kl was not significant neither in inoculated nor 
in uninoculated plants (Table 7). 
Leaf pigments 
The leaf pigments of okra plants were unfavourably influe-
nced by the nematode, air pollutants, and by their combination. 
Root-knot nematode caused significant reduction in carotenoid 
content of leaf (at P=0.05) (Table 8). Carotenoid content was 
also significantly reduced in inoculated or uninoculated plants 
grown at K2 when compared to control site (at P=0.05), Reduction 
at Kl was not significant. The difference in carotenoid content 
of inoculated plants grown at Kl and K2 was also significant. 
Chlorophyll a and total chlorophyll contents were signifi-
cantly decreased in inoculated plants (at P=0.05). Significant 
reduction in chlorophyll a occurred in inoculated and 
uninoculated plants grown at K2 when compared to control. 
Reduction in chlorophyll a in inoculated plants at Kl over 
uninoculated plants of control site was significant. The 
differences in chlorophyll a content of inoculated and 
uninoculated plants grown at Kl and K2 were also significant. 
Significant reduction in chlorophyll b content occurred in 
inoculated plants at K2 in comparison to inoculated control. This 
reduction at Kl was significant only at P=0.05. The difference in 
chlorophyll b content in inoculated plants at Kl and K2 was 
significant at P=0.05. Total chlorophyll content was 
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significantly reduced in uninoculated and inoculated plants at K2 
in comparison to their respective controls. At Kl total 
chlorophyll content of leaves was significantly different (at 
P=0.05) when inoculated plants were compared to uninoculated 
control (Table 8). 
Leaf epidermal characters 
The epidermal characters of okra leaves given in Table 9 
showed variable responses to air pollutants and root-knot 
nematode. In nematode inoculated plants decrease in counts and 
sizes of stomata and trichomes was recorded on both leaf 
surfaces. The plants grown at polluted sites exihibited further 
decreased number of stomata on both leaf surfaces. This decline 
was greater at K2 than at Kl. Increase in number of trichomes 
over leaf surfaces occurred in pollution stressed plants. 
Trichome counts were highest on upper leaf surface of uninocu-
lated plant at Kl and on lower leaf surface of uninoculated 
plants at K2. Similar trend of increase was also recorded in 
trichome length. The leaves of okra plants of polluted sites 
exhibited smaller stomata in comparison to their controls. 
Smallest stomata were found on the leaves of inoculated plants at 
K2 followed by that of uninoculated ones at the same site. A 
slight decrease in stomatal aperture was observed in the 
inoculated and uninoculated plants grown at Kl. Conversely, wider 
stomatal apertures were recorded at K2 both in inoculated and 
uninoculated plants. 
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Boot-knot disease 
Severe intensity of root-knot disease caused by M. InCQgttJta 
Race 1 was observed on the okra plants grown at K2. Though, 
there was an increase in number of galls and eggmasses/root 
system at Kl, but it was not significant. However, significant 
increase occurred at K2 (at P=0.05). The eggmass production was 
significantly greater in plants at K2 than at Kl (at P=0.05) 
(Table 7). 
DISCUSSION 
Average concentration of suspended particulate matter (g/m ) 
was higher at Kl, while of SO2 and NO2 at K2 during the growing 
period of vegetable crops (Exp.I-Table 1). 
Plants of tomato, eggplant and okra grown in pots at 
polluted sites exhibited some foliar symptoms attributable to air 
pollutants present in the area. These symptoms at Kl were in 
traces on eggplant and okra. However, on tomata, the symptoms 
were more pronounced and leaf margin browning was prominently 
visible. Leaves of all the three crops at K2 exhibited browning 
of margins and interveinal areas. In addition, tomato leaves also 
exhibited some chlorosis. The browning and chlorosis of leaves 
may be attributed to induced reduction and destruction of leaf 
pigments by air pollutants. Browning of leaves might have 
occurred due to phaeophytinization of chlorophyll molecules. 
This phenomenon in relation to SO2 takes place by formation of 
sulphurous acid due to dissolution of SO2 with water, which 
100 
knocks down Mg"*""*" ions from tetrapyrol ring of chlorophyll 
molecule by degrading the latter into phaeophytin, a 
photosynthetically inactive brown pigment (Bao and LeBlanc, 
1966). A layer of particulates, black in colour, formed by their 
deposition was found on the leaves of the plants grown at Kl. 
This layer was not so evident at K2 because of low concentration 
of particulates at K2 than Kl. The concentration of SO2. NO2 and 
SPM was slightly low in winter than in summer (Exp.I-Table 1). 
Since tomato was grown in winter they showed more visible 
symptoms due air pollution than eggplant and okra (grown in 
summer). This indicated that tomato is relatively more sensitive 
to this type of pollution than okra or eggplant. Similar foliar 
symptoms on several crop plants have been earlier reported by 
various workers due to SO2 and NO2 singly and in combination but 
at relatively higher concentrations (Taylor and Eaton, 1966; 
Barrett and Bendict, 1970; Mudd, 1975; Relnert si Ml-, 1975; 
Taylor fii M . . 1975; Klarer et al.. 1984). Sulphur dioxide and 
nitrogen dioxide frequently occur together in air and usually act 
synergistically to cause more losses. Tingey ©t jal. (X071) found 
that mixtures of NO2 and SO2 at concentration £ 0.25 ppm for 
a single 6 h exposure caused visible injury in six plant species, 
though individually they were not effective. DeCormis and 
Luttringer (1977) also reported synergistic injury response of 
tomato, geranium and petunia from the combined exposure of SO2 
(0.3 ppm) and NO2 (0.05 ppm). The injury symptoms on tomato, 
eggplant and okra in the present study, in ambient condition 
might have occurred Either due to synergistic interaction of air 
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pollutants or due to continuous long term exposures. Though, 
interaction between air pollutants and root-knot nematode in 
relation to growth characters occurred, no discernible difference 
in injury symptoms was noticed in inoculated and uninoculated 
plants. 
Plants of tomato, eggplant and okra infected by Jj- incognita 
exhibited significantly reduced growth, biomass, yield and leaf 
pigment content. Root-knot nematodes cause morphological, 
anatomical, histo-physiological and histo-chemical changes 
resulting in poor growth and yield of infected plants 
(Huang, 1985). The uninoculated plants of tomato, eggplant and 
okra grown at polluted sites showed poor growth. Biomass and 
yield were not significantly affected in eggplant and okra at Kl, 
where concentration of SO2 and NO2 was low. However, tomato 
plaints at the same site (Kl) suffered significant loss in fresh 
weight of shoot and yield (number of fruits/plant). In general, 
air pollutants adversely affect the growth of green plants 
(Darley and Mlddleton, 1966; Heck fit al.,1986; Agrios, 1988) but 
the concentrations of SO2 and NO2 present at Kl are not reported 
to cause significant reduction in plant growth. Amundson and 
Welnstein (1980) reported early senescence and reduced yield when 
soybean plants were exposed to a mixture of SO2 (0.3 ppm) and NO2 
(0.1 ppm) 4 h / day for 14 days during the pod filling period. 
These two pollutants singly at same concentration were not able 
to produce such effects. Marie and Oznrod (1984) reported 
decrease in leaf fresh weight and area and fresh and dry weight 
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of root of tomato after 14 and 28 day, respectively, of 
continuous exposure of SO2 (0.11 ppm)-N02 (0.05 ppm) mixture. 
However, in the present study 0.085 ppm and 0.060 ppm, of SO2 and 
NO2 at Kl caused significant reduction in fresh weight of shoot 
and yield of tomato, possibly due to long term continuous 
exposures. Possibility of involvement of particulate air 
pollutants in this effect on tomato can not be ruled out, as 
heavy accomulation of particulate matter on tomato leaves at Kl 
was recorded which might have increased the rate of transpiration 
and uptake of gaseous air pollutants (Beaaley, 1942; Eveling, 
1969; Ricks and Williams, 1974). Particulate matter deposition 
over leaf surface also causes dysfunctioning of stomata 
(Flucklger si al., 1978, 1979). Therefore, it is likely that SOg, 
NO2 and particulates synergistically interacted to cause 
significant reduction in fresh weight of tomato at Kl. Non-
significant reduction in eggplant and okra at Kl may be 
attributed to the tolerant nature of these crops. Apparently, the 
leaves of eggplant and okra are of tough texture than the tomato. 
At K2, in general, significant reductions occurred in growth 
parameters of tomato, eggplant and okra. The concentration of 
SPM and particulate matter deposition over leaf surface was lower 
but SO2 (0.196 ppm in winter, 0,225 ppm in summer) and NO2 (0.08 
ppm in winter, 0.094 ppm in summer) was higher at K2 than Kl. 
Though the concentration of SPM and particulate matter 
deposition over leaf surface was low at K2, still their 
involvement in influencing the stomatal functioning and other 
physiological processes can not be ignored. 
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The suppressive effect of air pollutants was more on shoot 
than root. This response of root is in contrast to the earlier 
finding of Klarer gt Q1. (1984), who observed greater reduction 
in root than shoot by exposing soybean plants to SO2 (0-2, 0.3 
ppm)-N02 (0.1,0.2 ppm). Air pollutants enter through stomata and 
cause direct injuries in leaf tissue (Pell, 1979; Heck fii al-» 
1986), In addition to direct injuries, air pollutants cause 
dysfunctioning and destruction of chlaroplast, leaf pigments 
(Malhotra, 1976; Nieboer et al.. 1976; Pell, 1979) and various 
unfavourable structural changes as well as inactivation of 
biologically active proteins and enzymes (Zeigler 1974; Temaka s^ 
al.. 1972a, 1972b; Mukerji and Yang, 1974). Photosynthesis is 
greatly influenced by air pollutants. So, the leaves are primary 
site of injuries to air pollutants and suffer morphological, 
physiological and biochemical injuries. Conversely, roots do not 
face direct exposures of air pollutants. Structurally, roots with 
thick cuticular layer are much stronger than leaves and have 
relatively smaller surface area. Therefore, aerial parts of the 
plants specially leaves are more vulnerable for air pollution 
damage than root. This response pattern was recorded in the 
present study. 
Leaf pigment content of tomato, eggplant and okra was 
significantly reduced by IJ. incognita Race 1. Root-knot nematodes 
induce impaired absorption of water and minerals and accumulation 
of minerals in root galls (Hussey, 1985). The imbalanced 
physiology affects the entire plant system leading to the 
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development of deficiency symptoms in foliage of which chlorosis 
is most common and prominent (Hunter, 1958). The same reasons may 
be implicated for the effect of nematode on leaf pigment content 
of all the three crops. Reduction in leaf pigment content of 
plants grown at the polluted sites indicated injurious effect of 
air pollutants on carotenoid and chlorophylls. Mieboer fii sl-
(1976) reported that SO2 makes the photo-oxidation of chlorophyll 
molecules resulting in an irreversible injury. According to 
Varshney and Garg (1979), SO2 can cause bleaching or 
pheophytinization (degradation of chlorophyll molecules to 
photosynthetically inactive pigment phaeophytin) of chlorophyll. 
Chlorophyll a was more sensitive than chlorophyll b, while 
response of total chlorophyll and carotenoid contents was more or 
less similar. This type of relative sensitivity of chlorophyll a 
and chlorophyll b due to SOg and coal particles has been earlier 
reported by some researchers (Rao and LeBlanc, 1966; Gupta and 
Ghouse, 1987). 
Reduction in fruit setting in the vegetable crops was most 
significant effect of air pollutants. Flowering, fertilization 
and fruit and seed formation are iinfavourably influenced by air 
pollutants (Mudd and Kozlowski, 1976; Varshney and Garg, 1979; 
Heck fii al-I 1986; Agrios, 1988; Heggestad, 1988). Air pollutants 
also diminish pollen fertility and growth of pollen tube leading 
to failure of fertilization (Linzon 1978). Severe inhibition of 
fruit setting in tomato, eggplant and okra indicated involvement 
of air pollutants in fertilization. Fertilization mainly depends 
upon receptivity of stigma, fertility of ovule, viability of 
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pollen and pollen tube development. Long term exposures to air 
pollutants might have adversely affected any one or all of the 
above components of fertilization. The poor growth of plants 
might have also contributed towards the failure of fertilization. 
Enhanced disease intensity and reproduction specially in the 
plants grown at K2 site, showed favourable impact of air 
pollutants on root-knot nematode, IL. incognita Race 1. Health 
of the plant plays major role in defending themselves from the 
pathogens. The intensity of root-knot disease and reproduction of 
the nematode mainly depend upon number of ingressed juveniles, 
availability of nutrients in root and physical and chemical 
properties of soil, besides the self defence of the host. Poor 
health might have rendered the plants more susceptible and 
vulnerable to pathogenic damage caused by the root-knot nematode 
and favouring the reproduction of the nematode at K2 site. It is 
also possible that SO2 and NO2 combining with water might have 
decreased the soil pH slightly. Such soil acidity might have 
favoured M- incognita resulting into higher disease intensity. 
Greater intensity and reproduction of root-knot nematodes have 
been earlier noticed at a pH slightly lower than the neutral 
(Segeren Van de Oever, 1962; Khaleel and Shah, 1979). In 
artificial treatments, enhanced reproduction of frgtylepchua 
p**T*gtrrfl;ng has been recorded due to SOg on soybean and SO2-O3 on 
tomato (Weber fit al-, 1979; Shew et al.. 1982). Bisessar and 
Palmer (1984) observed higher infection of U. hapla on tobacco cv 
Virginia-115 due to ambient O3 (80 ppb). 
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U- Incognita Race 1 caused more reduction in all the growth 
parameters at Kl and K2 than at the control site. Synergistic 
interaction between nematode and air pollutants was noticed. 
Reductions recorded in shoot and root lengths at Kl and lengths 
and dry weights of shoot and root at K2 caused by the combined 
action of root-knot nematode and air pollutants were greater than 
the svim of reductions caused by them individually. For examples, 
in tomato shoot length, the sum of individual suppressive effects 
of nematode and pollutants at K2 was 21.1 cm, while the joint 
effect reduced 23.8 cm in shoot length. Synergistic interaction 
was also recorded when shoot length and dry weight of root of 
okra and fresh weight of shoot of eggplant at K2 were accounted. 
Dry weight of shoot of okra at Kl was, however, simply additive. 
Root-knot nematode and air pollutants synergistically 
decreased number of flowers/plant in tomato at K2, in okra at Kl 
and K2. In eggplant no such synergistic interaction was obtained. 
Combined effect of the nematode and ambient air pollutants on 
tomato at Kl was, however, additive. No synergistic action of air 
pollution and IJ. Inqognita on fruit setting was noticed. 
Reduction in leaf pigment content of tomato caused by 
combined effects of air pollutants and JJ. incognita was not 
greater than the sum of reductions caused by them individually at 
both the sites. This was also true for chlorophyll a and 
chlorophyll b at Kl and chlorophyll b at K2 for eggplant. 
Synergistic effect was, however, recorded for other pigments of 
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eggplants. In case of okra, synergistic interaction was recorded 
at K2. 
Synergistic interaction between tJ. incognita and air 
pollutants was more at K2 than at Kl. Possibly, higher 
concentration of SO2 and NO2 at K2 was responsible for this 
variation. The inoculvun level of the nematode was, however, same 
at both the sites. Therefore the interaction was more intense 
causing greater reductions in plant growth characters. This also 
indicated that concentration of air pollutants is important and 
plays major role in such interactions. It is likely that even low 
population density of root-knot nematodes may cause severe damage 
on plants growing in polluted areas. 
Stomata play vital role in the gaseous exchange and 
physiology of plants. Count of stomata and trichomes and stomatal 
size on leaf surfaces of tomato, eggplant and okra were reduced 
by the nematode. Reduced number and diminished size and aperture 
may be regarded as induced adaptation of plants to overcome 
water shortage due to root-knot nematode infection which causes 
dysfunctioning of absorption and supply system of root. Decreased 
stomatal conductance has been reported in tomato plants infected 
by If. lavanica (Meon si AL-, 1978). 
Influenced counts and sizes of stomata and trichomes of the 
plants grown at polluted sites showed impacts of air pollutants 
on the epidennal characters of leaf. Since gaseous air pollutants 
mainly diffuse through stomata, leaf epidermal characters are 
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direct-ly related to the sensitivity of a plant to air pollutants. 
It has been reported that resistant cultivars of some plant 
species to a pollutant had few stomata with closed aperture (Heck 
et al.. 1986), Reduced stomata counts on leaves of tomato, okra 
and eggplant seems to be a structural adaptation of stressed 
plants to check the entry of air pollutants. Higher trichome 
counts and longer in size recorded on the leaves of plants grown 
at polluted sites were other adaptive responses of the pollution 
stressed plants. According to Levin (1973) trichomes offer an 
outer-line of physical defence specially against particulate and 
gaseous air pollutants. Longer trichomes with higher counts on 
the upper leaf surface observed at Kl indicates that leaves 
adapted structurally to check the stomatal plugging by trapping 
the particulates above the leaf surface. Similarly, smaller 
stomata on the leaves of plants grown at polluted sites was 
another induced adaptation of plants which possibly decreased the 
entry of pollutants. Heck igj. 5L1-(1986) remarked that stomatal 
closure is more important than the number of stomata for the 
resistant cultivars to air pollutants. At K2 wider stomatal 
apertures were recorded on the leaves. It seems that at the 
higher concentrations of SO2 and NO2 adaptive measures of plants 
failed to check their entry as increase in stomatal aperture was 
observed at K2. Results of several studies provide evidences to 
show that low concentration of SO2 can injure epidermal and guard 
cells, leading to increased stomatal conductance -and greater 
entry of SO2 (Majemik and Mansfield, 1970, 1972; Black and 
Dnsworth, 1980). Onsworth si fil. (1972) reported stimulation of 
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stomatal opening in the range 0.1 - 0.5 ppm SO2. Mansfield and 
Majemik (1970) also found increase in stomatal aperture of Vlcla 
faba at 0.25-1.0 ppm SOo- Widest stomatal aperture in nematode 
infected plants suggested greater entry and impact of air 
pollutants resulting from increased traspiration rate. Odihlrin 
(1971) observed increased transpiration in iL. incognita infected 
tobacco plants during the first eight weeks of infection. This 
increased transpiration might have also facilitated greater entry 
of ambient air pollutants in the leaves. 
SOMMAKY 
Impacts of ambient air pollutants caused by burning of coal 
in the Thermal Power Plant, Kasimpur on tomato, eggplant and okra 
were assessed in clay pots placed in the vicinity of the power 
plant at two sites Kl and K2, 1 and 2 km away respectively, from 
the stack and the interaction of root-knot nematode, MelQJdopyne 
Ifi'^ f^fnit-fll Race 1 and air pollutants was studied in the ambient 
condition, using artificial inoculation of the nematode. 
Vegetables grow at the polluted sites exhibited browning of 
margins and interveinal areas of leaves with or without 
chlorosis. Premature fall of leaves and flowers was also 
recorded. These symptoms did not appear on plants grown at Kl 
except in tomato. At Kl, a black coloured layer of particulates 
was formed on the leaves of all three vegetables. This layer was 
not so clear and pronounced at K2. 
Growth and yield of all three vegetables were reduced to a 
varying extent both at Kl and K2. Reductions were greater at K2 
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than at Kl. Reduction at Kl were significant only in fresh weight 
and yield of tomato. However, at K2 significant reductions were 
recorded in all the parameters of vegetable crops considered in 
the experiments. Similarly, reductions in leaf pigments content 
were also greater at K2 than Kl. The nematode acting alone caused 
significant reductions in growth, yield and chlorophyll content 
of all the vegetable crops. The nematode at polluted sites caused 
more reductions than at unpolluted site. The nematode and air 
pollutants, in general, showed positive interaction and reduced 
growth and yield and leaf pigment content of vegetables 
synergistically, specially at K2 where concentration of SO2 and 
NO2 was greater than at Kl. 
Both, H. incognita and air pollutants induced epidermal 
changes in the leaves of tomato, eggplant and okra. In nematode 
infected plants at control site low counts of stomata and 
trichomes and reduced size of stomata were observed. In pollution 
stressed plants, counts and sizes of stomata were reduced while 
number of trichomes and their lengths were increased. Stomatal 
aperture was wider at polluted sites than the control. These 
impacts of air pollution were greater in nematode inoculated 
plants at K2. Crop wise tomato was most sensitive followed by 
okra. Eggplant was relatively less affected. 
Experiment III 
INTERACTION OF AIR POLLUTANTS AND ROOT-KNOT NEMATODE, 
RACE 1 ON TOMATO 
This experiment was done to ascertain the impact of SO2, NHg 
and O3 at 0.1 and 0.2 ppm, singly on tomato in artificial 
treatments in glasshouse condition. Since, scanty informations 
are available on air pollutant-nematode interactions and there is 
no generalization whether nematode disease is enhanced or 
suppressed, interactions of SO2/NH3/O3 with Ij. incognita Race 1 
was studied in artificial exposure conditions using three modes 
of sequential inoculations via. pre-, post- • and concomitant-
inoculation exposures. 
MATERIALS AND METHODS 
Air pollutant treatments 
Interaction of sulphur dioxide (SO2). ammonia (NH3) and 
ozone (O3) with £f. incognita Race 1 and interactive effects on 
tomato were studied in exposure chambers using two concentration 
viz. 0.1 and 0.2 ppm of each gas. 
Dynamic state exposure chambers of dimension 90 x 90 x 120 
cm were used in the experiment. Sulphur dioxide was generated in 
the generator by the reaction of sodium sulphite and sulphuric 
acid. Desired concentration of SO2 was obtained by using 
different concentrations of sodium sulphite. The outlet of SO2 
generator was connected to the blower of the exposure chamber. 
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Blower of the chamber was run at constant voltage (200 V), 
because at different voltages, the quantity of air blown into the 
chamber varied, which could change the desired concentration of 
SO2. 
Ammonia was generated by heating liquid ammonia in the 
generator, while ozone was produced by the ionization of oxygen 
by ultra-violet radiation from a UV bulb. Desired concentrations 
of NH3 and O3 were obtained by varying the voltage of blower of 
chamber, so the generated gas was mixed with the air blown into 
the chamber. So, at high voltage, NH3 or O3 was more diluted (low 
concentration) than at low voltage. Since, generators and 
exposure chambers were not auto-controlled, concentrations , of 
SO2, NH3 and O3 were weekly monitored during the exposure of 
plants, which were 0.1 ppm ± 0.0127 and 0.2 ppm + 0.0159; 0.1 ppm 
± 0.0098 and 0.2 ppm ± 0.016 and 0.1 ppm ± 0.0102 and 0.2 ppm + 
0.0148, respectively. 
Plant culture and exposure 
Three-week-old seedlings of tomato LycoperalcoQ e3cu3.entum 
Mill. cv. Pusa Ruby, raised in sterilized soil were transplanted 
into 16 cm clay pots containing steam sterilized soil (clay, 
sand, compost 2:1*-1). A week after transplanting, the pots were 
inoculated with 2000 freshly hatched second stage juveniles (^ 2^  
of Melotdogy^^ Incognita Race 1 and exposed to the air pollutants 
according to the following scheme of treatments for each 
concentration of each pollutant. Each exposure lasted for 3 
hours. 
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nni^reated (contro l ) s e t s (0 T>T>m) 
1. 0 J2 + Plant (un inocu la ted c o n t r o l ) 
2. 2000 J2 + Plant ( i n o c u l a t e d c o n t r o l ) 
Treated s e t s (0 .1 or 0 . 2 praaa) 
1. O J2 + Plant + Exposure 
2. Pre-inoculation-exposures:exposures of air pollutants started 
a week before juveniles (2000 J2) inoculation. 
3. Post-inoculation-exposures: Exposures of air pollutants 
started a week after juveniles (2000 J2) inoculation. 
4. Concomitant-inoculation-exposures: Exposure and juveniles 
(2000 J2) inoculation were done simultaneously. 
Thenafter, exposure to air pollutants was continued for 75 
days (throughout the period of experiment), by exposing plants 
for 3 h every third day during the day time (10 a.m.-l p.m.). The 
pots of different treatments were marked accordingly and kept on 
glasshouse benches (Temp, at 25^ C + 2). Plants were watered in 
the glasshouse equally and periodically with a hose directly in 
the pot near the soil surface level. Each treatment was 
replicated five times. Since, any air pollutant was not present 
in ambient air of glasshouse (Aligarh), in a concentration which 
can cause any adverse effect (Exp. I-Table 1), it was not 
desirable to use charcoal filtered air for control set. The 
experiment was terminated after 75 days of inoculation and 
different parameters of growth, biomass, yield, leaf pigment 
content and leaf epidermal characters were considered, as 
described in the Experiment II. Number of galls and 
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eggmasses/root system was counted in nematode inoculated plants. 
During the tenure of experiment, plants were regularly watched 
for appearance of air pollution symptoms and number of flower 
buds were counted. 
BKSDLTS 
Interaction of Sulphur dioxide and nematode 
Symptoms 
Tomato plants exposed to SO2 exhibited foliar symptoms of 
chlorosis and browning in interveinal areas of leaf. After four 
exposures of 0.2 ppm SO2 3h every third day produced chlorotic 
patches in interveinal areas which later became brown coloured. 
SO2 at 0.1 ppm took 10 exposures to produce chlorosis and 
severity of chlorosis was less than 0.2 ppm. In nematode 
inoculated plants no discernible effect on SO2 induced chlorosis 
was observed; however, brown coloured patches in interveinal 
areas were more than uninoculated plants. In addition, SO2 
symptoms in inoculated plants appeared earlier (2-4 exposures) 
than in uninoculated exposed plants. 
Plant growth and yield 
In general, tomato plants exhibited poor growth when 
inoculated with the nematode or exposed to SO2 (Table 1). U-
incognita inoculated plants showed significant reduction in 
length, fresh and dry weights of shoot and root. SO2 at 0,1 ppm 
caused reduction in length and fresh weight of shoot (significant 
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only at P=0.05). While SO2 at 0.2 ppm reduced length and fresh 
weight of shoot (significant at both P=0.05 and 0.01) and dry 
weight of shoot and length and fresh weight of root (significant 
at P=0.05) in comparison to uninoculated control. The nematode 
inoculated plants exposed to 0.1 ppm SOg, showed significant 
reduction of shoot length at P=0.05 and P=0.01 and in root length 
and fresh and dry weights of shoot and root at P=0.05 in 
concomitant-inoculation-exposure treatment in comparison to 
inoculated control. The post-inoculation-exposure of 0.2 ppm 
caused significant reduction in all the parameters of shoot and 
root. Pre-inoculation exposures at 0.2 ppm caused significant 
reductions in length and fresh weight of shoot at P=0.05. 
However, in concomitant-inoculation-exposure at the same 
concentration, significant reductions occurred in shoot length at 
P=0.05 and P=0.01 and in root length and fresh weight at P=0.05 
in comparison to inoculated control. 
Any significant effect of nematode or SO2 was not recorded 
on flowering in tomato plants. However, in all the modes of 
treatment, combined effect of nematode and SO2 at 0.2 ppm and 
concomitant-inoculation-exposure at 0.1 ppm caused significant 
decreased in number of flowers/plant. The reduction in number of 
flowers observed in pre-and post-inoculation exposure of 0.1 ppm 
SO2 was also significant at P=0.05 when compared to inoculated 
control. Nematode and SO2 at 0.2 ppm, singly or in combination 
(post-inoculation-exposure only) caused inhibition in fruit 
setting of tomato. Significantly decreased number of fruits/plant 
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was recorded in concomitant-inoculation-exposures of 0.1 and 0.2 
ppm SOg at P=0.05 (Table 1). 
Leaf pigments 
Root-knot nematode alone, adversely affected leaf pigments 
content (Table 2). Sulphur dioxide at 0.1 ppm caused significant 
reduction in only chlorophyll a (at P=0.05). However, at 0.2 ppm 
chlorophyll a and total chlorophyll contents were significantly 
less "thaxi in control at both P=0.05 and P=0.01, while carotenoid 
and chlorophyll b only at P=0.05. In pre-, post- and concomitant-
-inoculation-exposures at 0.2 ppm, tomato leaves exhibited 
significantly reduced pigments content. The carotenoid content of 
leaves was significantly reduced in post-inoculation exposure of 
0.2 ppm at both P=0.05 and P=0.01, while in pre-and concomitant-
inoculation exposures only at P=0.05. Significant reduction in 
chlorophyll a and total chlorophyll contents at P=0.05 was also 
recorded in concomitant-inoculation exposure of 0.1 ppm. 
Leaf epidermal characters 
The leaves of nematode infected plants exhibited low counts 
of stomata and trichomes and reduced size of stomata (Table 3). 
Reduced number of stomata/cm^ and stomatal size with wide 
aperture and high counts and prolonged length of trichomes were 
recorded on the leaves of SO2 exposed plants. This effect was 
more pronounced at 0.2 ppm. Combined effect of SO2 and the 
nematode further affected these parameters. Lowest count of 
stomata with reduced size and widest aperture were recorded in 
post-inoculation-exposure at 0.2 ppm followed by concomitant-
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inoculation-exposure at 0.1 and 0.2 ppm. Highest counts with 
prolonged length of trichomes were observed on the leaves of 
uninoculated plants exposed to 0.2 ppm, followed by pre- and 
concomitant-inoculation-exposures at 0.2 ppm. 
Root-knot disease 
Increase in number of galls/root system was noticed in post-
inoculation exposure at 0.2 ppm SO2 and concomitant-inoculation-
exposure of 0.1 ppm in comparison to inoculated control (Table 
1). A decrease in number of galls, however, occurred in pre-
inoculation-exposures of 0.1 and 0.2 ppm SO2 but it was not 
significant. Reproduction of U. incognita Race 1 was favourably 
influenced in post- and concomitant-inoculation-exposures of 0.2 
and 0.1 ppm respectively. Number of eggmasses in these treatments 
was significantly greater than the control (Table 1). However, in 
pre-inoculation-exposure of 0.2 ppm, number of eggmasses was 
significantly less than in control. 
Interaction of ammonia and nematode 
S7mpt<»as 
The tomato plants exposed to 0.1 ppm did not show any foliar 
or root injury which may be attributed to NH3 in inoculated or 
uninoculated treatments. However, 0.2 ppm NH3 produced mild 
chlorosis which was confined to the margins of leaves. No 
difference in the type and intensity of the injury symptoms of 
inoculated and uninoculated plants was observed. These symptoms 
appeared after more than a month of start of exposures. 
121 
Plan growth and yield 
Root-knot nematode infected plants exhibited significant 
reduction in length and fresh and dry weights of shoot and root 
(Table 4). Plants exposed to 0.1 ppm NH3, in general, showed a 
slight better growth. At 0.2 ppm, reductions in all the growth 
parsimeters were recorded. However, these reductions were not 
significant. In all the three modes of treatments of nematode and 
NH3 at 0.1 ppm, plant growth was more or less equal to inoculated 
control. With 0.2 ppm, significant reductions in all the 
parameters of shoot and root except root length occurred only in 
pre-inoculation-exposure at P=0.05. Reductions in fresh weight 
of shoot and root were significant both at P=0.05 and 0.01. 
M. incognita and NH3 alone did not significantly influence 
the number of flowers/plant (Table 4). All the modes of treatment 
of nematode and NH3 at 0.2 ppm, however, significantly decreased 
flowering when compared to uninoculated control (at P=0.05) 
(Table 4). Comparatively, fruit setting was more affected than 
flowering by the treatments. The nematode alone caused 
significant decrease in number of fruits/ plant. Similarly fruit 
setting was significantly suppressed in all the treatments where 
the nematode and NH3 (0.2 ppm) were combined but in comparison to 
uninoculated control only. Significant decrease in number of 
fruits/ plant was also recorded in concomitant-inoculation-
exposure of 0.1 ppm at P=0.05 and P=0.01 and pre-inoculation 
exposure of 0.1 ppm at P=0.06 in comparison to uninoculated 
control. 
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Leaf pignents 
Root-knot infected plants showed significantly reduced 
pigment content of leaves. However, reduction in chlorophyll b 
was cignificant at only P=0.05 (Table 5). Ammonia at 0.2 ppm 
significantly reduced carotenoid, chlorophyll a and total 
chlorophyll contents at P=0.05. Similar trend of reduction was 
also observed in pre-inoculation exposure of 0.2 ppm NHg. A 
slight increase in leaf pigment content was recorded in all the 
treatments at 0.1 ppm. However, it was not significant. 
Leaf epidenal characters 
Nematode inocualted plants exhibited low counts of trichomes 
and stomata and reduced size and aperture of stomata (Table 6). 
Size of trichomes was not affected. All the epidermal characters 
of plants exposed to 0.1 ppm NH3 with or without nematode were 
more or less equal to their respective controls. However, at 0.2 
ppm tomato leaves exhibited low counts and reduced size of 
stomata with wide aperture and high counts and prolonged length 
of trichomes in comparison to unexposed plants. Same response 
pattern of these epidermal characters was also obtained in all 
modes of treatments of nematode and 0.2 ppm NH3. Among the 
treatment, these effects were highest in pre-inoculation exposure 
followed by concomitant-and post- inoculation exposures. 
Root-knot disease 
In general, root galling and reproduction of IJL incognita 
Race 1 was increased by NH3 exposures (Table 4). However, 
significant increase was observed only in pre-inoculation-
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exposure at 0.2 ppm at P=0.05 in comparison to inoculated 
unexposed plants. 
Tnteraction of Ozone and nematode 
Symptoms 
The tomato plants exposed to 03 exhibited some 
characteristic foliar symptoms. At 0.2 ppm plants commonly 
exhibited dot like brown to grey lesions with slight chlorosis in 
interveinal areas of leaves. The plants exposed to 0.1 ppm Oo 
showed these symptoms in traces. A greater intensity of these 
symptoms was noticed in inoculated plants. Symptoms due to both 
concentrations of ozone appeared after about a month of start of 
exposures. 
Plant growth and yield 
In general, suppressed growth of plants was noticed in all 
the treatments, M. incognita caused significant reduction in all 
the growth parameters (Table 7). Though, both concentrations of 
O3 (0.1 and 0.2 ppm) adversely affected plant growth, reductions 
in length, fresh and dry weights of shoot were significant only 
at 0,2 ppm (at P=0.05) in comparison to control (Table 7). No 
significant reduction in growth parameters of inoculated and 
exposed plants to 0.1 ppm O3 regardless of pre-, post- and 
concomitant-inoculation exposures occurred. However, at 0.2 ppm 
plant receiving post-inoculation-exposure exhibited significant 
reduction in length, fresh and dry weights of shoot and root in 
comparison to inoculated control at P=0,05 except in shoot length 
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which was significant at both P=0.05 and 0.01. Shoot length was 
also significantly reduced in concomitant-inoculation-exposure 
with 0.2 ppm in comparison to inoculated control at P=0.05. None 
of the other treatments suppressed flowering significantly. Root-
knot nematode caused significant reduction in number of 
fruits/plant. Exposures of 0.2 ppm O3 caused significant 
reduction in fruit setting in uninoculated plants at P=0.05. In 
all the three modes of nematode inoculations - exposures with 0.2 
ppm O3 fruit setting was significantly suppressed in comparison 
to inoculated control. This suppression in pre- and -concomitant 
-inoculation exposures was significant only at P=0.05 (Table 7). 
Leaf pigments 
Leaf pigment content was adversely affected by the nematode 
and O3 individually (Table 8). Root-knot nematode alone 
significantly reduced pigment content of tomato leaves. Ozone 
exposures at 0.1 ppm significantly decreased only chlorophyll a 
(P=0.05), while 0.2 ppm caused significant reduction in 
chlorophyll a content (at P=0.05 and P=0.01) and carotenoid and 
total chlorophyll contents (at P=0.05). The inoculated plants 
exposed to 0.2 ppm O3 in different modes of exposures exhibited 
significantly reduced chlorophyll a and total chlorophyll 
contents, being highest reduction in post-inoculation-exposure. 
Reduction in chlorophyll b was significant in only post-
inoculation-exposure at 0.2 ppm O3 (at P=0.05). In this treatment 
reduction in carotenoid content was significant at P=0.05 and 
P=0.01 , while in rest of the inoculated treatments at 0.2 ppm at 
129 
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P=0.05. Among the inoculated treatments at 0.1 ppm, concomitant-
inoculation-exposures caused significant reduction in 
chlorophyll a and total chlorophyll contents at P=0.05, Reduction 
in carotenoid content was not significant in any treatment of 
0,1 ppm O3 (Table 8). 
Leaf epidermal characters 
Leaves of nematode infected plants exhibited low count and 
reduced size and of stomata and low trichomes count (Table 9). 
Trichome length was, however, not affected. Low counts and 
reduced size with wide aperture of stomata and high counts and 
prolonged length of trichomes were recorded on the leaf surfaces 
of tomato plants exposed to 0.1 and 0.2 ppm O3. The lowest 
stomatal count was observed in post-inoculation-exposure of 0.2 
ppm followed by concomitant-inoculation-exposures of 0.1 and 0.2 
ppm O3. Highest counts and prolonged length trichomes were found 
in uninoculated plants at 0.2 ppm followed by pre- and 
concomitant-inoculation- exposures at 0.2 ppm O3. Smallest size 
of stomata with widest aperture were observed in post-
inoculation-exposures at 0.2 ppm O3 followed by concomitant-
inoculation-exposures at 0.1 and 0.2 ppm O3. 
Root-knot disease 
Variable response of root-knot nematode was noticed in 
different treatments of O3 (Table 7). In general, disease 
intensity (galling) was enhanced, however, it was significant 
only in post-inoculation- exposure at 0.2 ppm, (at P=0.05). 
Reproduction of M- Incognita Race 1 was inhibited in all the 
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treatments except in post- and concomitant-inoculation exposures 
at 0.2 ppm. Number of eggmasses/root system was significantly 
decreased in pre-inoculation and increased in post-inoculation 
exposures at 0.2 ppm (at P=0.05) in comparison to control. 
DISCOSSION 
Tomato plants treated with SO2 showed chlorosis and browning 
in interveinal areas of leaf. Some articles have eloquently 
discussed possible mechanisms for such symptoms (Mudd, 1975; 
Pell, 1979; Varahney and Garg 1979; Hech st AI-, 1986). The 
various types of injuries caused directly in leaf tissue by 
gaseous air pollutants after entering through stomata or their 
interference with biochemical processes, are the common reasons 
offered for appearance of such symptoms. The phytotoxic sulphite 
ions produced after SO2 entry in leaf are mainly responsible for 
injury (Thomas sit SLL-, 1944). Sulphur dioxide also causes 
bleaching, phaeophytinization and photoxidation of leaf pigments 
(Varshney and Garg, 1979), which may be responsible for the 
browning and chlorosis in tomato leaves (Lauemoth and Dodd, 
1981). Such symptoms have earlier been reported on various crop 
plants (Barrett and Bendict, 1970; Mudd, 1975). Appearance of 
dotted brown - grey coloured lesions on the older leaves are 
characteristic symptoms induced by ozone (Ledbetter at al.1959; 
Bealth, 1975) Ozone disrupts the choloroplast and reduces the 
carotenoid and chlorophyll contents of leaf (Hill st M . , 1961; 
Olszyk fii al-, 1987; Takemoto ©i al-. 1988). Tomato plants also 
responded similarly to ozone as dot like brown to grey coloured 
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lesions developed on the older leaves and exhibited reduced leaf 
pigment content. Appearance of more acute and pronounced symptoms 
by 0.2 ppm than by 0.1 ppm indicated that concentration was an 
important factor for foliar injury. Both the pollutants caused 
greater foliar injury in nematode-inoculated plants and symptoms 
appeared earlier than uninoculated plants, Shew at Mk- (1982) and 
Bisessar and Palmer (1984) also observed more foliar injury in 
Pratvlenchua penetrans infected tomato plants due to O3 and SOg 
and if. hapla infected tobacco plants due to O3. Root-knot 
nematode infection possibly rendered the plants more vulnerable 
to the pollutants injury or increased their entry in plants 
causing greater injuries. The wider stomatal aperture in 
uninoculated exposed plants support the contention of greater 
entry of O3 or SO2 in the leaves. Increase in transpiration rate 
of tomato plants infected with root-knot nematode in early stage 
of plant growth might have promoted pollutant up-take by the 
plants. Increased gaseous pollutants up-take has been reported 
during high transpiration rate (Ricks and Williams 1974). 
Increase in transpiration of tobacco plants infected by M-
incognita or U. jbacia in the first 8 weeks after infection was 
recorded by Odihlrin (1971). Ammonia at 0.1 ppm did not produce 
any injury symptoms. This indicated that either plants tolerated 
this concentration or ammonia was utilized by the plants, as 
slightly better growth was recorded in exposed tomato plants. 
However, exposure with 0.2 ppm NH3 induced mild marginal 
chlorosis of leaves. Thornton and Setterstorm(1940) also reported 
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marginal chlorosis on tomato plants due to low concentrations of 
NH3. 
Reduced pigment content of tomato leaves recorded at 0.2 ppm 
NH3 may be due to alkaline reactions causing a breakdown in 
pigments and discolouration (Ramsey, 1953), Comparatively, low 
injury and reduction in leaf pigment content due to NH3 showed 
that SO2 and O3 are more phytotoxic air pollutants. Reports in 
this regard available in literature support this observation 
(Treshow, 1970; Mudd and Kozlowski 1975, Heck fit ai-. 1986). All 
the air pollutants caused greater reduction in chlorophyll a 
than chlorophyll b. Such trend in reductions of chlorophyll a and 
chlorophyll b has been earlier reported by various workers (Rao 
and LeBlanc, 1966; Gupta and Ghouse, 1987). 
Sulphur dioxide and ozone caused significant reduction in 
growth, biomass and yield of tomato plants specially at 0.2 ppm. 
However, ammonia did not cause significant reduction in these 
parameter at any concentration. Results of a number of studies 
both in ambient and controlled conditions corroborate the present 
findings (Treshow, 1970; Pandey and Rao, 1978; Laurence, 1979; 
Saxe, 1983b, Bennett and Oshima 1976; Oshima fii at., 1979; Pell 
fit al., 1980; Blum fit al-, 1982; Clarke fit ai. 1983; Olszyk fit 
al-, 1986, 1987; Heggestad, 1988; Takemoto fit al-, 1980). The 
adverse effects of air pollutants on different parameters of 
tomato have already been discussed in previous experiments. 
Out of all the modes of treatments of nematode and air 
pollutant, concomitant-inoculation-exposure of 0.1 ppm and post-
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inoculation-exposure of 0.2 ppm of SO2 and O3 were most effective 
in reducing growth, biomass, yield and leaf pigment content of 
tomato plants. In these two modes of treatments synergistic 
interaction was observed on most of the parameters and root-knot 
disease was favoured by the pollutant exposures. This favour 
might have been received at different stages of the disease 
development and the development of nematodes from penetration to 
production of eggmasses. The concentration 0.1 ppm was below the 
pollution threshold level, since exposure of plants to it did not 
cause significant reduction in plant growth except in length and 
fresh weight of plants. Similarly, in pre- and post-inoculation 
exposures of 0.1 ppm SO2 or O3 significant reduction in any 
parameter of tomata plants was not observed. This indicated that 
SO2/O3 at 0.1 ppm is not toxic to tomato or the plants adapted 
to defend themselves from this low concentration of the 
pollutant. Synergistic interaction in concomitant-inoculation-
exposure of 0.1 ppm SO2 or O3 indicated that when the low 
concentrations of air pollutants along with the nematode (2000 
J2) affected the plant simultaneously, plants defence 
mechanism(s) suffered greater set back, while the same biotic and 
abiotic pathogens did not cause such synergistic effects in other 
modes of inoculation-exposure possibly because of time gap in 
sequential treatments, the plant could tolerate the adverse 
effects of both to some extents, especially of low concentrations 
of SO2 and O3. In sequential treatments, however, the reductions 
in growth parameters were also greater than the reductions caused 
by them inidividually, though the effect was also antagonistic 
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and not always synergistic. At the higher concentration (0.2 ppm) 
of SOp and Oo greater reduction was recorded in post-inoculation-
exposures than in pre- or concomitant-inoculations. In post-
inoculation exposures, the nematodes juveniles were established 
at the feeding sites in the roots receiving normal supply of 
nutrition because till then seedlings were unexposed and 
unaffected by the pollutants. But at the same time, plants even 
at seedling stage were in poor state of growth due to 
dysfunctioning of roots caused by nematode migration and feeding 
which usually occurs in root-knot infected plants (Wilcox-Lee and 
Lorea, 1987). As a result of this effect within a week seedlings 
became weak and post-inoculation-exposures to 0.2 ppm SO2 or O3 
caused greater adverse effects on tomato. Greater uptake of air 
pollutants because of increased rate of transpiration in the 
nematode inoculated plants (Odihirin, 1971) might be a factor for 
this greater reduction. So, well established root-knot nematode 
in roots, weakened host and greater uptake of SO2 or O3 resulted 
in severely reduced growth, biomass, yield and leaf pigment 
content of tomato. 
Reduced eggmasses production in pre-inoculation-exposure of 
0.1 ppm SO2/O3 and even in post-inoculation exposure of 0.2 ppm 
clearly indicated some late adverse effects of the pollutants for 
nematode either through host or soil. However, reproduction of H. 
incQgni-ba Kace 1 (number of eggmasses/ root) was significantly 
high in concomitant-inoculation-exposure of 0.2 ppm O3. In 
addition to soil conditions, reproduction of root-knot nematodes 
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also depends upon the nutrients availability in host for the 
development of.healthy females. Probably, the nematode could not 
get appropriate nutrient supply due to very poor health of the 
host. Reduction in number of eggmasses specially in SO2 exposures 
indicated that SO2 might have decreased the pH of soil which 
adversely affected the eggmasses production. Egg laying occurs at 
a late stage. By that time, some air pollutants induced changes 
in host physiology might have also affected eggmass production. 
Significant reduction due to nematode and NH3 occurred only in 
pre-inoculation exposure at 0.2 ppm and interactive effect was 
synergistic. Slightly poor growth of plant at 0.2 ppm NH3 which 
favourably influenced root-knot intensity and reproduction. 
Ammonia did not cause much reduction in root growth, providing 
better nutrients for the nematode. 
The existing literature on interaction of nematodes and air 
pollutants is too meager and conflicting. Inhibition, enhancement 
or no effect of air pollutant treatments on nematode reproduction 
occurred in a study conducted by Weber fit al, (1979). Inhibition 
in development and reproduction of Heterodera glycines. 
Paratrichodorus minor on soybean due to O3 and O3 + SO2 was 
recorded. While Belonolaimus longicaudatus remained unaffected. 
However, exposure of soybean host plants to SO2 enhanced the 
reproduction of Pratylenchus pen«t.T-ana. A mixture of 0.2 ul O3 
and 0.8 ul S02/liter of air enhanced reproduction of £. penetrans 
on tomato (Shew fit al-. 1982).Bisesaar and Palmer (1984) recorded 
higher root-knot (M. hapla) infection on tobacco due to ambient 
138 
Oo (80 PPb). In the present study both enhancement and inhibition 
in the intensity of the disease (number of galls/root system) and 
reproduction (number of eggmasses/root system) of the nematode 
was observed. The mode of treatment was more important than 
concentration of the pollutant in influencing disease intensity 
and the reproduction of U- incognita Race 1. 
The response of leaf epidermal features was more or less 
similar to the previous experiment (Exp. II). Low counts and 
reduced size of stomata and high counts and increased length of 
trichomes were observed on the leaves of most affected plants. 
This altered morphology indicated the morphological adaptation by 
plants to defend them from the adverse impacts of pollutants and 
the nematode. The trichomes provide physical defence against the 
air pollutants (Levin, 1973), since stomata size and number are 
directly correlated to transpiration rates and uptake of air 
pollutants. Such morphological modifications have also been found 
in some other plants (Zaidi si &L-, 1979; Gupta and Ghouse 1987). 
However, stomatal aperture is more important than stomatal counts 
(Heck ai al-, 1986). According to Black and Dnsworth (1980) even 
low concentrations of SO2 can injure epidermal and guard cells, 
leading to increased stomatal conductance and greater entry of 
SO2 into the plant. The wider stomatal aperture in tomato plants 
exposed to SO2, O3 or NH3 specially at 0.2 ppm indicated 
sensitivity of tomato to these pollutants, since stomata of 
tolerant plant species become closed even at low concentration of 
the pollutant (Dnsworth si SOL-, 1972; Gesalman and Davis, 1978; 
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Harris and Heath, 1981; Faensen-Thiebes, 1983), The morphological 
changes in leaf epidermis of tomato were greater by SO2 then O3. 
Least changes were induced by NH3. Decrease in count and sizse of 
stomata with wide aperture was more in inoculated plants than 
uninoculated plants. Wider aperture of stomata in inoculated 
plants contributed more towards the greater adverse effects of 
air pollutants. 
SOMMARY 
Browning and chlorosis of leaves by SO2, browning of leaf 
margins by NH3 and small chlorotic dots brown-grey in colour by 
Og were the prominent foliar symptoms induced by the pollutants 
specially at 0.2 ppm in artificial exposures. These symptoms 
(except of NH3) were more pronounced in nematode inoculated 
plants and appeared earlier than uninoculated exposed plants. 
SO2 and O3 at 0.2 ppm caused significant reductions in 
growth, yield and leaf pigment content of tomato. Significant 
reductions at 0.1 ppm were induced only by SO2. NH3 at 0.1 ppm 
was slightly beneficial for tomato growth. Reductions caused by 
0.2 ppm NH3 were not significant. 
The air pollutants and the nematode together reduced the 
growth, yield and pigment content of tomato significantly. 
Greater reductions were recorded in inoculated exposed plants 
than uninoculated exposed plants, being highest in post-
inoculation-exposures at 0.2 ppm SO2/O3 followed by concotnitant-
inoculation-exposures at 0.1 ppm SO2/O3. However, NH3 at 0.2 ppm 
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caused greater reduction in pre-inoculation exposure. Synergistic 
interactions between nematode and air pollutants were most 
consistent in above treatments. In other modes of treatments, 
antagonistic interactions were also noticed in some parameters of 
tomato. 
In general, disease intensity (number of galls/root) was 
enhanced in exposed plants, highest being in concomitant and 
post-inoculation exposures at 0.1 and 0.2 ppm SO2 respectively. 
Reproduction of the nematode (number of eggmasses/root) was, 
however, inhibited. 
Epidermal characters were variably affected by the 
treatments, Nematode decreased the counts of stomata and 
trichomes and stomatal size. In exposed plants low count and size 
of stomata and increased count and length of trichomes were 
recorded. These impacts of air pollutants on leaf epidermal 
characters were greater in inoculated exposed plants than 
uninoculated exposed plants. Relative effectivity of air 
pollutants in affecting the considered parameters of tomato was 
in the following order: S02>03>NH3. 
Experiment IV 
INTERACTION OF SO2-O3 MIXTURE AND ROOT-KNOT NEMATODE, MELOIDOGYNE 
INCOGNITA RACE 1 ON TOMATO. 
SOo - O3 is one of the most important mixtures which 
synergistically affect growth and yield specially at low 
concentrations (below threshold levels) (Heck et SJL- t 1986). 
O3-SO2 effects have been examined specially on soybeans by 
several workers (Tingey et al-. 1975, Heagle fii al-, 1974; 
Reinert and Weber, 1980), but relatively less work has been done 
on their interaction at variable concentrations. 
In the present investigation, interactions of SO2 ~ O3 (00» 
0.1, 0.2 ppm) mixtures, in all the possible combinations, with 
Meloidogyne incognita Race 1 on tomato were studied using 
artificial treatment conditions. 
MATERIALS AND METHODS 
Dose of SO2 - O3 mixture 
In the study, effect of SO2 (0-0, 0.1, 0.2 ppm) and O3 (0.0, 
0.1, 0.2 ppm) singly and in combination was studied on tomato in 
exposure chambers using the following combinations : 
T^ = 0.0 ppm SO2 + 0.0 ppm O3 (Control) 
T2 = 0.1 ppm SO2 + 0.0 ppm O3 
T3 = 0.0 ppm SO2 + 0.1 ppm O3 
T4 = 0.1 ppm SO2 + 0-1 ppm O3 
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Tg = 0-2 ppm SO2 + 0.0 PPm O3 
Tg = 0.0 ppm SO2 + 0.2 ppm O3 
T7 = 0.1 ppm SO2 + 0.2 ppm O3 
Tg = 0.2 ppm SO2 + 0.1 ppm O3 
T9 = 0.2 ppm SO2 + 0.2 ppm O3 
To st-udy "the interaction of S02~03 mixtures in above 
combinations and Meloidogyne incognita Race 1, 2000 freshly 
hatched juveniles (»?2^  °^ ^^® nematode per pot were added 
artificially at the time of first exposure (concomitant-
inoculation-exposure) . 
Plant cultiire and exposure 
Three-week-old seedlings of tomato, Lycopersicon esculentum 
Mill. cv. Pusa Ruby, raised in sterilized soil were transplanted 
into 15 cm clay pots containing steam-sterilized soil (clay, 
sand, compost 2:1;1). Pots were grouped in 18 sets with five 
replicates of each. A week after transplanting, all the sets of 
pots were exposed to different SO2 - O3 mixtures for 3 h. 
Exposures were made usually from 10 a.m. for three hours every 
third day throughout the period of experiment. Out of total 18 
sets, in 9 set of pots, the nematode was inoculated as given 
above. All the sets of pots were marked according to the 
treatments and placed at glasshouses benches at temperature 25°C 
± 2. The control sets (inoculated and other uninoculated) 
neither received any exposure nor charcoal filtered air as the 
levels of pollutant in ambient air of glasshouse were negligible 
(Exp. I - Table 1). All the plants were irrigated periodically 
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and equally in the glasshouse, usually early in the morning with 
a hose directly in the pot near the soil surface. 
During the period of experiment, plants were regularly 
watched for air pollution symptoms and number of flower/plant 
were noted. Experiment was terminated 75 days after the start of 
first exposure and different parameters of growth, biomass, 
yield, leaf pigment content and leaf epidermal characters were 
considered (Exp. I). To assess the impact of SO2-O3 mixtures on 
intensity of root-knot disease and reproduction of the nematode, 
number of galls and eggmasses/root system were counted in each 
inoculated treatment. 
SESOLTS 
SymptcMBS 
Chlorosis and small dot like patches, yellow to grey in 
colour appeared on the leaves of tomato exposed to SO2 and O3 
respectively. Higher concentration (0.2 ppm) of SO2 and O3 singly 
caused more foliar symptoms. When SO2 and O3 were combined, the 
symptoms were more intense and appeared earlier. The symptoms 
appeared after two exposures of 0.1 + 0.2 ppm and 0.2 + 0.2 ppm 
and seven exposures of 0.1 + 0.1 ppm and 0.1 + 0.2 ppm SO2 and O3 
respectively. In general, chlorosis become more pronounced with 
all the mixtures. Brown to grey coloured dotted patches were 
absent in the mixtures having 0.1 ppm O3 and were in traces at 
0.2 ppm in the mixture. 
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Intensity of the foliar symptoms was higher in all the 
nematode inoculated treatments. However, there was no remarkable 
difference in early or late appearance of S02~03 mixture symptoms 
on plants of inoculated and uninoculated treatments. 
Plant growth and yield 
Sulphur dioxide and ozone individually at 0,1 and 0.2 ppm 
caused reduction in all the parameters of growth and yield but to 
a varying degree. Plants exposed to 0.1 ppm SOo showed 
significantly reduced fresh weight of shoot (at P=0.05) and 
number of fruits/plant (at P=0.01 and P=0.05) (Table 1), however 
O3 at this concentration did not cause significant reduction in 
any parameter. When SOo aiid 0^ at 1 ppm were togetlior, 
.significant reduction occurred in slioot length and root fre.«-.,h 
weight (at P=0.05) and in fresh and dry weights of shuot fuifl 
number of fruits/plant (at P=0.05 and P=0.01). Sulphur dioxide 
and ozone at 0.2 ppm significantly reduced plant growth aiid 
flowering. Reduction in some of the parameters was significant 
only at P=0.05. The mixture of SO2 (0.1 ppm) and O3 (0.2 ppm) 
caused greater reduction in growth parameters and flowering of 
plants than the reductions obtained with their exposures singly. 
This impact was, however, concentration dependent. The 
suppressive effect of SO2-O3 mixtures was in the order 0.2 + 0.2 
ppm > 0.2 + 0.1 ppm > 0.1 + 0.2 ppm > 0.1 + 0.1 ppm. 
Root-knot nematode, ij. incognita Race 1 caused significant 
reduction in all the growth parameters. Greater reductions in 
different parameters of growth and yield were recorded in exposed 
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inoculated plants (Table 1). Significantly greater reduction in 
comparison to inoculated control occurred in fresh weights of 
shoot and root, number of flowers and number of fruits (at F=0.0b 
and P=0.01) and in length and dry weights of shoot and root (at 
Pr0.05) when inoculated plants were exposed to 0.1 ppm SO2• 
Reductions with 0.I ppm O3 exposure of inoculated plants were not 
significantly greater. Their mixture at 0.1 ppm caused 
significantly greater reductions in all the growth parameters of 
inoculated plants than in plants of inoculated control (Table 1). 
These reductions were greater than the total sum of reductions 
caused by the SO2 and O3 at 0.1 ppm singly. Sulphur dioxide at 
0.2 ppm and M. InGogni-fca together caused significantly greater 
reductions than obtained with nematode alone in growth and 
flowering of plants. Most of the reductions in the parameters 
were significant only at P=0.05. 
Almost a similar effects was obtained with plants when 
nematode inoculated plants were exposed to 0.2 ppm O3. 
Significantly greater reductions in length and fresh and dry of 
shoot and number of flowers/plant (at P=0.05 and P=0.01) and in 
fresh and dry weights of root (at P=0.05) occurred in inoculated 
plants exposed to SO2 (0.1 ppm) + O3 (0.2 ppm) in comparison to 
inoculated control. In all the parameters of growth and yield, 
greater reductions were recorded in inoculated plants exposed to 
the mixture of SO2 and O3 at 0.2 + 0.1 ppm and 0.2 + 0.2 ppm 
concentrations in comparison to inoculated plants exposed at 0.1 
+ 0.1 and 0.1 + 0.2 ppm of SO2 and O3 mixtures or inoculated 
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control. Relative suppressive effect of SO2-O3 and J^ . tPiffOfioit^  
may be put in this order i.e. 0.2 + 0.2 ppm > 0.2 + 0.1 ppm > 0,1 
+0.2 ppm > 0.1 + 0.1 ppm. 
Leaf pignent^s 
In general, sulphur dioxide was more injurious to leaf 
pigments of tomato than ozone (Table 2). Sulphur dioxide at 0.1 
ppm significantly reduced chlorophyll a and total chlorophyll (at 
P=0.05), while O3 reduced only chlorophyll a (at P=0.05) (Table 
2). However, the mixture of SO2 and O3 at 0.1 ppm caused 
significant reduction in chlorophyll a and total chlorophyll. 
Significant reductions in carotenoid (P=0.05) and chlorophyll 
except chlorophyll b occurred at 0.2 ppm O3, while SO2 at this 
concentration significantly reduced chlorophyll b too. The 
mixtures of SOg and O3 at 0.1 + 0.2 ppm, 0.2 + 0.1 ppm and 0.2 + 
0.2 ppm significantly reduced all the leaf pigments. Reduction in 
chlorophyll b in 0.1 ppm SO2 +0.2 ppm O3 exposed plants was 
significant at only P=0.05 (Table 2). 
In nematode inoculated plants all the leaf pigments were 
significantly reduced. The chlorophyll a and total chlorophyll 
contents of inoculated plants exposed to 0.1 ppm SO2 (at P=0.05 
and P=0.01) and 0.1 ppm O3 (at P=0.05) were significantly lower 
in comparison to inoculated control. Mixture of SO2 and O3 at 
0.1 +0.1 ppm and 0.1 + 0.2 ppm caused significant reduction in 
all pigments at P=0.05 and P=0.01 except in chlorophyll b (at 
only P=0.05) than inoculated control. Sulphur dioxide at 0.2 ppm 
significantly reduced all the pigments in inoculated plants and 
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Oo at this concentration in chlorophyll a and total chlorophyll 
at P=0.05 and P=0.01 and carotenoid at P=0.05 in comparison to 
inoculated control. Mixtures of SO2 and O3 at 0.2 + 0.1 ppm and 
0.2 +0.2 ppm and U. incognita Race 1 significantly reduced the 
pigments (Table 2). Reductions in the pigments of inoculated 
plants due to mixtures of SO2 and O3 were in the same order as 
obtained in plant growth and yield. 
Leaf epidermal characters 
Leaf epidermal characters were variably influenced by SO2-O3 
mixtures. Reduced stomata counts and size with wide aperture 
were found on the leaf surfaces of tomato plants exposed to SO2 
and O3 singly or in combination (Table 3), However, high counts 
and prolonged trichomes were observed on exposed plants. These 
altered epidermal characters were more pronounced in SO2-O3 
mixture than in their individual exposures. Lowest counts and 
reduced size of stomata with wide aperture and highest counts and 
lengths of trichomes were recorded on plants exposed to SO2 + O3 
at 0.2+0.2. The relative effect of the mixtures on epidermal 
characters was in the order 0.2 + 0.2 ppm > 0.2 + 0.1 ppm > 0.1 + 
0.2 ppm > 0.1 +0.1 ppm (Table 3). 
The leaves of unexposed inoculated plants exhibited low 
counts and reduced size of stomata with small apertures and low 
counts of trichomes on both the leaf surfaces. However, trichome 
length was unaffected (Table 3). These alterations in leaf 
epidermal characters induced by SO2-O3 mixtures were more in 
inoculated plants. 
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Roo'b-kno'b disease 
Intensity of root-knot disease increased when inoculated 
plants were exposed of SO2 and O3 singly (Table 1). Significant 
increase in number of galls and number of eggmasses/root system 
was recorded at 0.1 ppm SO2 in comparison to control. The 
increase with 0.1 ppm O3 was not significant. However, the 
intensity of disease (no. of galls) (significant at P=0.05 and 
P=0.01) and reproduction (number of eggmasses) (significant at 
P=0.05) were further enhanced in the inoculated plants exposed to 
a mixture of SO2 and O3 at 0.1 ppm concentration. Disease 
intensity with 0.2 ppm SO2 or O3 exposure slightly increased in 
comparison to control, however, reproduction of the nematode was 
significantly reduced. Significant increase in intensity of 
disease was also recorded at 0.2 ppm SO2 + 0-1 PPm O3 at P=0.05 
in comparison to the control (Table 1). The reproduction of M. 
incognita was adversely affected by the SO2-O3 mixtures. 
Significant decrease in number of eggmasses/root system was 
observed at 0.2 + 0.2 ppm (at P=0.05 and P=0.01) and at 0.1 + 
0.2 ppm and 0.1 + 0.2 of SO2 and O3 respectively, at P=0.05 in 
comparison to control. 
DISCUSSION 
Tomato plants exposed to SO2 and O3 singly exhibited leaf 
chlorosis and brown to grey coloured dots on the leaves. 
Appearance of such symptoms due to SO2 and O3 exposure has been 
recorded (Ledbetter si al-. 1959; Barrett and Bendict, 1970; 
Mudd, 1975; ECress ei al-, 1986). Mixtures of SO2 and O3 at 
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different levels produced more visible injuries in tomato foliage 
than their individual effects. Increased injury due to SO2-O3 
mixtures has been earlier observed in soybean (Reinert and Weber, 
1980; Klarer ei al. , 1984) and tomato (Shew fit al.,1982). 
The nematode inoculated plants exposed to the mixture of 
SO2 and Og suffered more foliar injury and symptoms appeared 
earlier than on the uninoculated exposed plants to same mixture. 
Increased foliar injury has been reported in tJ. ^ lapla inoculated 
tobacco plants due to O3 (Bisessar and Palmer, 1984) and in 
Pratylenchua p^ n^ t.rpr|a inoculated tomato plants due to SO2-O3 
mixture (Shew sk al-1 1982) in comparison to uninoculated exposed 
plants. As discussed earlier (Exp. II & III) nematode infection 
possibly facilitated greater entry of air pollutants in plants. 
Increased transpiration rates in root-knot infected tobacco 
plants has recorded (Odihirin, 1971). Wider stomatal apertures in 
inoculated-exposed plants observed in the present investigation 
support the contention of greater entry of SO2 and O3, as air 
pollutants also injure the guard cells leaving stomata open 
(Black and Onsworth, 1980). Heck ei al- (1986) have emphasized 
the greater importance of stomatal closure than stomata number 
in determining the sensitivity of plants to air pollutants. 
According to Hale at al- (1985) analysis of leaf pigments 
content provide a quantitative assessment of foliar injuries 
specially chlorosis. Both SO2 and O3 adversely affect the leaf 
pigments (Mudd, 1975; Varshney and Garg, 1979; Launroth and Dodd, 
1981; Olszyk fi4 fll., 1987; Takemoto fit al., 1988). The mixtures 
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of SO2 and O3 caused more reduction in leaf pigment contents in 
comparison to their individual reductions. This reduction was 
more in inocualted exposed plants than uninoculated exposed 
plants. Increased foliar injury and reduced chlorophyll content 
in soybean due to mixture of SO2 (0.2 or 0.4 ppm) and O3 (0.08 or 
0.1 ppm) have been reported by Pratt et «LL» (1983). Highest 
foliar injury and lowest leaf pigments content observed in tomato 
plants exposed to SO2-O3 at 0.2 + 0,2 ppm and 0.2 -•- 0.1 ppm 
indicated direct correlation of foliar injuries and leaf pigments 
content. 
Carotenoid in uninoculated tomato plants exposed to SO2+O3 
(0.2 +0.1 ppm, 0.2 + 0.2 ppm) and chlorophyll b (0.1 +0.1 ppm, 
0.1 + 0.2 ppm) were synergistically reduced. Synergistic 
reduction in all leaf pigment content of inoculated plants 
exposed to SO2-O3 at 0.1 ppm was recorded. In rest of the levels 
of S02-0g mixtures, synergistic reduction in inoculated plants 
was observed in carotenoid and chlorophyll a (0.2 +0.1 ppm, 0.2 
+ 0.2 ppm), and chlorophyll b contents (0.1 +0.2 ppm). Pratt et 
al. (1983) also reported synergistic reduction in chlorophyll 
content of soybean plants exposed to mixture of SO2 (0.2, 0.4 
ppm) and O3 (0,08, 0,1 ppm). 
Amount of foliar injury sustained by a plant and reduction 
in chlorophyll content have direct effect on amount of 
photosynthetic activity (Varshney and Garg, 1979; Reinert, 1984; 
Cooley and Manning, 1988). Photosynthetic activity is directly 
proportional to the net productivity, hence to the health of 
plants. 
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All the possible combinations of SO2 and O3 at 0.1 and 0.2 
ppm caused more reduction in all growth parameters than their 
individual effects. Synergistic effect of SO2 (0.2 ppm) and O3 
(0.1, 0.2 ppm) mixtures was observed on all the growth parameters 
of uninoculated plants. Fresh and dry weights of shoot of 
uninoculated plants were also synergistically reduced at 0.1 ppm 
of each gas in the mixture. However, the mixture of SOg (0-1 PPm) 
and O3 (0.2 ppm) showed antagonistic effect on growth parameters. 
Synergistic growth reductions in soybean due to SO2 and O3 at 5 
and 5 pphm and 10 and 10 pphm respectively, have been reported 
(Tingey et al., 1973; Heagle fit al., 1974). Heagle and Johnston 
(1979) exposing soybean plants to mixture of Og (0.25-1.0 ppm) 
and SO2 (0.5-1,5 ppm) observed additive, antagonistic or 
synergistic effects on growth. They concluded that interactive 
effect depended upon the concentration and exposure time. 
The nematode inoculated exposed plants to SO2-O3 mixtures 
suffered more reduction in growth than uninoculated exposed 
plants to the same mixtures. Like uninoculated treatments, 
synergistic effect of SO2 - O3 (0.2 +0,1 ppm, 0.2 + 0.2 ppm) and 
M- incognita Race 1 was observed on all the growth parameters of 
tomato. However, SO2-O3 at 0.1 ppm produced synergistic reduction 
in length, and fresh and dry weights of shoot, while on root, 
antagonistic effect was recorded. The earlier work on interaction 
of air pollutants mixtures and plant parasitic nematodes (Weber 
fii al., 1979; Shew ai al-, 1982; Bisessar and Palmer 1984) did 
not confirm the present findings as in most the cases they 
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observed antagonistic reductions in growth and yield except 
increased foliar injuries in uninoculated plants. Though, Shew 
et Ml- f (1982) found enhanced reproduction of PratylenchMg 
P^ y^ <>tfy?T>« on tomato exposed to 0.2 ul 0^ + 0.8 ul S02/liter but 
not synergistic effect on any growth parameter. Enhanced 
reproduction of the nematode indicates the favourable condition 
for the infection, which obviously in turn can cause more adverse 
effects on the host. In the present experiment, favourable effect 
on intensity of root-knot disease (number of galls/root system) 
was observed in the plants exposed to the mixtures. The 
reproduction of U. incognita was adversely affected except at 0.1 
(SOp) + 0.2 (Oo) ppm. Hence, higher intensity of root-knot 
disease together with SO2-O2 caused synergistic reduction in 
growth parsuneters of tomato. Reproduction of the nematode depends 
upon the nutritional status of the host, particularly of cells. 
Changes in host nutrition due to impact of air pollutants might 
have caused adverse effects on reproduction. Sulphur dioxide and 
ozone can reduce carbohydrates and potassium levels of roots 
through their direct or indirect effects (Mass sdt al. . 1973; 
Tingey, 1974; Varshney and Garg 1979; Cooley and Maiming, 1988). 
These metabolic changes could depress the reproduction of 
nematode, as Oteifa (1953) reported delayed initiation of egg 
production by JB- incognita in potassium deficient host. 
The mixtures of SO2 and O3 caused more decrease in number of 
fruits/plants than their individual effects. Reduction in number 
of fruits of inocualted plants exposed to SO2-O3 mixtures was 
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more "than the uninoculated exposed plants to mixture. In all the 
treatments of SO2+O3 no synergistic antagonistic reduction was 
recorded in number of fruits/plant except in SO2-O3 at 0.2 ppm in 
inocualted treatments, where synergistic reduction was observed. 
Heagle efc ^ . (1983b) recorded no synergistic effect on soybean 
yield due to action of O3 (0.02 -0.07 ppm) + SOg (0.03 - 0.37 
ppm) at relatively high concentrations. 
The present findings indicated that joint action of SO2-O3 
was concentration dependent and presence of SOg was more 
important than O3. As synergistic interaction of SOg and O3 on 
growth parameters was observed in the mixtures where SOg was 
present at 0.2 ppm level. 
SOMMARY 
In this study on interaction of SOg'Og mixture at different 
concentrations and MeloidogyPQ incognita Race 1 on tomato, it was 
observed that SOg and O3 (both particularly at 0.2 ppm) and M-
incognlta. acting alone significantly reduced plant growth and 
yield parameters and leaf pigment content of tomato. SOg (0.2 
ppm) and O3 (0.1, 0.2 ppm) mixtures acted synergistically and 
caused greater reductions than the sum of their individual 
effects. The mixtures also produced more symptoms on foliage. SOg 
and O3 also individually with the nematode acted synergistically 
and caused greater reduction in growth and yield parameters than 
the reductions recorded in nematode inoculated unexposed plants 
or uninoculated exposed plants. Synergistic reductions in growth 
160 
of nematode inoculated plants exposed to SO2+O3 at 0.2 + 0.2 ppm 
and 0.2 + 0.1 ppm were also noticed. Fruit count was 
synergistically reduced by SO2 + O3 (at 0.2 ppm each) + nematode. 
The pattern of ciimmulative effect of SO2. O3 and M. incogpita on 
leaf pigments was more or less similar to those obtained for 
plant growth. 
In general, SO2-O3 mixtures at all the concentrations 
increased the intensity of root-knot disease but to a varying 
degree. Counts of stomata and trichomes and stomatal size were 
decreased by the nematodes. Air pollutants decreased the count 
and size of stomata but increased the counts and size of 
trichomes and stomatal aperture both in inoculated and 
uninoculated plants. These alterations in leaf epidermis were 
greater in inoculated plants exposed to SO2-O3 mixtures being 
highest at 0.2 + 0.2 ppm and 0.2 + 0.1 ppm. Relative toxicity of 
SO2+O3 mixtures on all the parameters of tomato considered in the 
study was in the order 0.2 + 0.2 ppm > 0.2 •»- 0.1 ppm > 0.1 + 0.2 
ppm > 0.1 + 0.1 ppm, 
Experlmenlv V 
INTERACTION OF SIMULATED ACID RAIN AND ROOT-KNOT NEMATODE, 
MELOIDOGYNE INCOGNITA RACE 1 ON TOMATO. 
Research on the effect of acid rain on vegetation has 
focussed mainly on forest ecosytems. Impact of acid rain on crop 
plants has not been extensively assessed (Irving, 1983). Some 
studies have shown that acid rain causes no measurable effects 
(DuBay and Beagle, 1987), but harmful effects have been recorded 
by Evans et al. (1981, 1985), Olsayk fit al. (1987) and Takemoto 
et al.. (1988) on some soybean cultivars. Interaction of acid 
rain with plant pathogens has received minimal attention. Since, 
sulphuric acid is a major source of acidity in atmospheric 
precipitation in polluted areas and contributes about two - third 
of the total acidity (Cogbill and Likens, 1974), it was selected 
for the present investigation to study the interaction of 
simulated acid rain and Meloidogyne incognita Racel on tomato. 
Additionally, the effect of pH levels on root penetration of 
juveniles of U. incognita was also studied. 
MATERIALS AND METHODS 
Acidity levels 
To study the interaction of simulated acid rain with root-
knot nematode and their interactive effects on tomato, two 
acidity levels of sulphuric acid via. pH 3.2 ± 0.1 (high acidic) 
and pH 6.6 + 0.1 (low acidic) were chosen to approximate with the 
ambient acid deposition. Sulphuric acid solutions of desired pH 
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values were prepared by adding determined amount of H2SO4 in 
deionized water. 
Dispensing of acid rain was done by hand spray. Total number 
of sprays for 10 mm rain were determined by making sprays in a 15 
cm diameter petridish from 40 cm height. Total number of sprays 
required for 10 mm rain were divided by 26, as plants were 
exposed to simulated acid rain every third day throughout the 
period of experiment (75 days). So, total 26 exposures of 
simulated acid rains were made. 
Treatments atnd plant culture 
Three-week-old seedlings of tomato, Lycoperalcon ft«y^,^;^ftir^t.i^ii^ 
Mill. cv. Pusa Ruby, raised in sterilized soil were transplanted 
in 15 cm diameter clay pots containing 1.5 kg of steam 
sterilized soil (clay, sand, compost 2:1:1). The inoculation with 
the nematode, Meloidogyne Incognita Race 1 was done (2000 J2/ 
pot), after one week of seedling transplantation. Pots were 
exposed to simulated acid rain according to the following 
treatments for each pH. 
Ontreated (control) seta 
1. O J2 + Plant (Uninoculated) 
2. 2000 J2 + Plant (Inoculated) 
Treated ggts 
1. 0 J2 + Plant + exposure (Uninoculated) 
2. Pre-inoculation-exposure : Exposures (2) of simulated 
acid rain one week prior to the nematode inoculation. 
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3. Po3-t-inocul at ion-expo sure : Exposures (2) of simulated 
acid rain a week after the nematode inoculation. 
4. Concomitaiit-inoculation-expoaure: Exposure and the 
nematode inoculation done simultaneously. 
All the treatments were replicated five times and pots were 
marked according the treatment and placed at the glasshouse 
benches at temperature 25°C ± 2. Pots designated to receive 
simulated acid rain, were transferred to a separate chamber for 
each exposure and re-transferred to the benches just after the 
treatment. All the plants were irrigated with tap water equally 
and periodically in the glasshouse with a hose directly in the 
pot near the soil surface. The experiment was terminated 75 days 
after the start of simulated acid rain exposures. Different 
parameters like growth, biomass, yield, and pigment content and 
epidennal characters of leaves of tomato were determined as 
described in Exp. I. Number of galls and eggmasses/root system 
were counted in each inoculated treatment. During the tenure of 
experiment plants were regularly watched for the appearance of 
any visible injury due to acid rain and number of flower buds 
were noted. 
Nematode penetration 
To study the effect of the pH levels (6.6 and 3.2) on 
penetertion of juveniles, 100 g water washed and sterilized sand 
filled in 6 cm diameter paper pots and three-week-old seedlings 
of tomato cv. Pusa Ruby of relatively same size raised in 
sterilized soil were transplanted (one seedling/pot). A week 
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later, treatments of acid rain (pH 6.6 and 3.2) and nematode were 
given as mentioned earlier (pre-, post-, and concojoitant-
inoculation exposures). However, in place of spraying of acid 
solution as simulated acid rain, 25 ml acid solution of both pH 
values was added separately in pots before or after 24 h of 
inoculation of 500 juveniles. This 25 ml amount was enough for 
homogenous distribution of solution in 100 g sand. The pH value 
of the sand in pot after adding the solution, was almost equal to 
the pH of the solution added. A week after inoculation, seedlings 
were gently uprooted to avoid any loss of root and washed with 
water to remove the sand particles. Thenafter roots were boiled 
in acid fuschin, pressed between the glass slides and viewed in 
microscope to count the number of juveniles present in the root. 
RESULTS 
Symptoms 
The tomato plants exposed to simulated acid rain of pH 6.6 
did not show any foliar injury. However, a great degree of 
sensitivity to pH 3.2 was observed specially on young and 
expanded leaves. Plants treated with acid at pH 3.2 exhibited 
bifacial irregular lesions white to tan coloured in interveinal 
areas of leaves with marginal chlorosis. Distortion of leaf 
margins also occurred. First, after 2-3 exposures with pH 3.2 
leaves showed wilting. Later, on leaves above mentioned symptoms 
appeared. The symptoms were more prominent and pronounced in 
nematode inoculated plants specially in post-inoculation-exposure 
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(pH 3,2). In nematode inoculated plants slight chlorosis also 
developed in pre-inoculation-exposure at pH 6.6 acid rain. No 
time difference in the appearance of visible injury in inoculated 
and uninoculated plants was recorded. In general, leaves were 
light green in colour. Leaf abscission was noted at pH 3.2 
regardless of inoculated or uninoculated plants. 
Plant growth and yield 
Reduced growth and yield of tomata plants was observed at 
both pH values, however, significant reductions occurred only in 
acid treatment at pH 3.2 in comparison to control (uninoculated) 
(Table 1). Root-knot nematode infected plants also showed 
significant reductions in all parameters of growth and number of 
fruits/plant in comparison to uninoculated control. 
Post- and concomitant-inoculation exposures of acid rain at 
pH 3.2 caused greater and significant reductions in all the 
growth and yield parameters than the inoculated control (Table 
1). Pre-inoculation-exposures at both pH values (6.6 and 3.2) 
also caused significant reductions (at P=0.05) in all the growth 
and yield parameters. The reductions in fresh weight of root and 
number of fruits/plant were significant both at P=0.05 and 
P=0.01. Reductions in dry weight of shoot at 6.6 was, however, 
not significant. Highest reduction occurred in pre-inoculation 
exposure amongst pH 6.6 treatments and in post-inoculation 
exposures among pH 3.2 treatments in comparison to inoculated 
control. 
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Leaf Pigmen-bs 
Reduction in pigment content of tomato leaves was observed 
in all the treatments of nematode and acid rain singly or in 
combination, but to a varying extent (Table 2). Both simulated 
acid rain at pH 3.2 and tj. incognita Race 1 individually, 
significantly reduced the leaf pigment content in comparison to 
uninoculated control. In pre-inoculation-exposure of simulated 
acid rain at pH 6.6 carotenoid and chlorophyll a contents were 
significantly reduced (at P=0.05) in comparison to inoculated 
control. However, pH 3.2 and nematode together, in all the modes 
of treatments, caused significant reductions in all the pigments 
of leaves in comparison to inoculated control. 
Leaf Epideirmal Characters 
The leaves of nematode infected tomato plants exhibited low 
stomata and trichomes counts with reduced size of stoihata in 
comparison to uninoculated control (Table 3). In general, 
uninoculated plants exposed to acid rain at pH 6.6 shdwed 
increased trichome counts with prolonged size and decrease in 
size and count of stomata with slightly wide apertures. However, 
at pH 3.2 drastic decline in counts and size of trichomes and 
stomata with wide apertures was recorded in comparison to 
uninoculated control. Lowest count and size and widest aperture 
of stomata were noticed on the leaf surfaces of plants in post-
inoculation exposure of simulated acid rain at pH 3.2 in 
comparison to inoculated control (Table 3). Highest increase in 
count and size of trichomes was recorded in uninoculated plants 
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exposed to acid rain at pH 6.6. Length of trichomes in pre-
inoculation exposure and uninoculated exposed plant at 6.6 was 
equal (Table 3). 
Penetration and root-knot disease 
In general, root penetration of juveniles of Ij. incoffiita 
Race 1 was stimulated at pH 6.6 and inhibited at pH 3.2 in all 
the modes of treatments (Table 4). Significant increase in 
ingress of juveniles at pH 6.6 was observed in pre- (at P=0.05 
and P=0.01) and concomitant (at P=0.05) inoculation exposures in 
comparison to control. However, inhibition was significant in all 
the modes of treatments at pH 3.2. Response pattern of intensity 
of root-knot disease and reproduction of the nematode to 
simulated acid rain was similar to that of peneteration (Table 
4). Intensity of disease (number of galls/root) and reproduction 
(number of eggmasses/root) were significantly higher in pre-
inoculation (at P=0.05 and P=0.01) and concomitant-inoculation 
(at P=0.05) exposures at pH 6.6 in comparison to control. 
Decrease in number of galls/root system at pH 3.2 was significant 
in pre-inoculation-exposures at P=0.05 and P=0.01 and in rest at 
P=0.05 in comparison to control. However, decline in eggmass 
production (reproduction) in all the modes of treatments at pH 
3.2 was significant at both P=0.05 and P=0.01. 
DISCDSSION 
The visible symptoms like white to tan coloured lesions in 
interveinal areas of leaves with slight chlorosis and distortion 
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of margins were induced by simulated acid rain at pH 3.2. Similar 
symptoms in acid rain exposed beans at pH 3.2 (Shriner, 1978) and 
on soybeans at pH 3.3 and 2.8 (Heagle si si-. 1983a), have been 
observed. However, DuBay and Heagle (1987) recorded no 
significant visible symptoms on soybeans at pH 4.2 and 3.7. 
Exact mechanism of acid deposition effects on plants is not 
known. Shriner (1986) observed enhanced weathering of cuticular 
waxes of foliar surfaces after prolonged, chronic exposure of 
foliage to acid rain. Ziegler (1979) stated that the ions of acid 
rain specially H , in order to reach the cells of foliage, must 
overcome cuticular, stomatal and plasmalemma resistance and hence 
effect on membrane integrity is expected which could inhibit the 
photosynthetic capacity of chloroplasts. Earlier reports on 
foliar chlorosis, premature senescence and abscission (Shriner, 
1978; Heagle si M.. 1983a), altered photosynthetic rates (Irving 
and Miller, 1981) photosynthate allocation (Jacobson ^ al.. 
1980) and reduced leaf pigments (Olszyk et jd.. , 1987; Takemoto et 
al., 1988) support the above mechanism of mode of action of acid 
rain. Reduction in ^^C fixation in lichens with pH 3.2 (Onaworth 
et fil-, 1972); greater gas exchange rates in foliage exposed to 
simulated acid rain at pH less than 3.4 (Evans and Handrey, 
1979); promotion of leaching of nutrient cations from foliage 
through exchange phenomena in which H^ ions of acid rain replace 
nutrient cations (K*, Mg"*""*", Ca"*""*") held at the binding sites in 
the foliage of pinto bean and sugar maple seedlings at pH 5.0 to 
2.3 (Wood and Bormann, 1975), have been reported. Reich jat M -
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(1988) recorded significant leaching of Ca, Mg, K, Mn, Zn and Cd 
from leaf litter on the soil surface and reduction in Mg and K 
content of soil due to acid rain. 
All these results suggest that leaves are most vulnerable to 
acid rain damage as they are the primary site of action and they 
are more subject to water stress. Therefore, significant 
reduction observed in leaf pigment content specially at pH 3.2 
indicated either removal of nutrient ions specially Mg "*" from the 
tetrapyrol ring of the chlorophyll molecule by H"*" 
(phaeophytinization) or highly water stressed condition resulted 
due to greater transpiration rate caused destruction or 
disruption or reduced its synthesis. Such effects on leaf 
pigments caused white to tan coloured lesions, chlorosis and 
marginal distortion on tomato leaves exposed to simulated acid 
rain at pH 3.2. Olszyk jei ai. (1987) and Takemoto et al. (1988) 
observed significant reduction in carotenoid and chlorophyll 
contents of afalfa foliage due to high acidic fog at pH 1.68. 
Reduction in all the growth and yield parameters in tomato 
exposed to acid rain at pH 3.2 may be attributed to reduced 
photosynthesis, because photosynthetic activity is directly 
related to net productivity of the plant. Lowered soil pH due to 
acid deposition might have also adversely influenced the root, 
which in turn had effects on various vital physiological 
processes of the plant. Evans st Q1. (1981, 1985) also recorded 
significant reduction in growth and yield of soybean (cv. Davis) 
at pH 2.7 and in four soybean cultivars at pH equal and less than 
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4.0, respectively. However, DuBay and Heagle (1987) did not 
observe significant reduction in growth and yield of soybean cv. 
Forrest at pH 3.2 and 2.7, These differential sensitivities of 
crop plants to acid rain may be associated with the difference in 
crop plant; method of dispensing and dosage of simulated acid 
rain; environmental conditions during treatment and other 
factors. Direct effect of acid rain on reproductive parts of 
plant might have also adversely affected the pollen germination 
and viability, and receptivity of stigma too which resulted into 
decreased fruit setting of tomato. Reduced germination and 
abnormal tube development of pollens have been recorded due to 
«y acid rain exposures at low pH levels (Waldron st JLI- . 1985; 
VanRyan st si-, 1986). Wertheim and Craker (1987) observed 
significant inhibition in pollen germination on silks treated 
with simulated acid rain of pH ^4.6 in maize. 
Greater visible foliar symptoms in inoculated exposed plants 
to simulated acid rain specially at pH 3.2 might be due to either 
reduced root conductivity (Wallace, 1987) or reduced leaf water 
potential and increased transpiration rate during early stage of 
infection (Wilcox-Lee and Loria, 1987) induced by U- incognita 
apart from those by simulated acid. Slight visible injury in pre-
inoculation exposure of acid rain at pH 6.6 also suggested that 
altered host physiology induced by nematode made the plants 
sensitive to acid rain even at pH 6.6. 
Greater penetration rate of juveniles of JJ- incognita in 
tomato roots in all the modes of treatment at pH 6.6 revealed 
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favourable impact of acid rain on the nematode. Ingress of 
juveniles was highest in pre-inoculation-exposure followed by 
concomitant-inoculation-exposure. This pattern indicated that low 
acidity might have created favourable conditions for 
penetration. However, high acidic solution (pH 3.2) adversely 
affected the juveniles leading to reduced peneteration in the 
roots. Wallace (1966) recorded maximum hatching of M. .l^ vftTrlc^  at 
pH 6.4 to 7.0 and mortality below pH 5.2. Greater ingress of 
juveniles at pH 6.6 resulted in high disease intensity and 
nematode reproduction . Reduced root-knot disease intensity at 
neutral pH than the slight low pH has been recorded earlier 
(Khaleel and Shah, 1979). Inhibition in juvenile penetration at 
pH 3^2 reduced the disease intensity. Reproduction of the 
nematode was more reduced than root galling. On average 32% and 
48% reductions in number of galls and eggmass/root system 
respectively, were recorded at pH 3.2 than at 6.6. Reduced 
galling and eggmass production has been reported due to acid 
rain. Shriner (1978) observed 66% inhibition in the reproduction 
of JJ. hapla on kidney bean at pH 3.2 than at 6.0. Greater eggmass 
production of H- incognita at pH 6.0 then at 7.0 has been 
observed by Segeren van den Oever (1982). Altered amount and 
quality of nutrients in root induced by acid rain at pH 3.2 
through reduced photosynthesis (Irving and Miller, 1981) might 
have caused adverse effects on root galling and reproduction of 
the nematode. Removal of cations specially K"*", Mg"*"*" and Ca"^ "^  from 
the leaves by acid rain (Wood and Bormann 1975) might have 
decreased their levels in the roots too which would have further 
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contributed to poor nutrient status of acid rain stressed plants. 
Beagle fii al- (1983a) and Reich st aJL- (1988) recorded decreased 
cation exchange capacity and decreased levels of K, Ca and Mg in 
soil due to acid rain at low pH values. Oteifa (1953) reported 
delayed initiation of eggmass production of H. Incognita in 
patassium deficient host. Insufficient availability of healthy 
roots for nematode feeding because of poor plant growth and 
nutrient deficiency might have also contributed to reduced 
galling and reproduction of M- incognita. 
Greater reductions in all growth and yield of inoculated 
exposed plants possibily resulted from increased visible foliar 
injury and dysfunctioning of vital physiological processes like 
reduced photosynthesis, increased rate of transpiration, low leaf 
water potential induced by acid rain and IJ. incognita together in 
the same plant. Acid rain and Jl. incognita acted synergistically 
in reducing the growth and yield parameters of tomato plants in 
pre-inoculation-exposure at pH 6.6 and post- and concomitant-
inoculation exposures at pH 3,2. Cumulative effect of acid rain 
and nematode was also synergistic on leaf pigment contents in 
pre- and post- inoculation exposures at pH 6.6 and 3.2 
respectively. Therefore, it is expected that the nematode 
infected plants may suffer greater yield losses under acid rain 
stress. 
Reduced count and sise of stomata in acid rain exposed 
plants inoculated or uninoculated were apparently morphological 
adaptations of plants to check the excessive transpiration 
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induced by the nematode and acid rain. Trichomes provide 
mechanical defence to plants from toxic gases and particulates 
(Levin, 1973). Increased length and count of trichomes in plants 
exposed to acid rain at pH 6.6 support the above assumption. With 
further increase in acidity (at pH 3.2), however, such 
adaptations failed and resulted in reduced count and size of 
trichomes and wide stomatal aperture. This may be attributed 
again to the removal of cations (K"*", Mg"*""*", Ca'^ '*') from foliage. 
Interference of protons (H ) of acid rain in the mechanism of 
opening and closing of stomata can not be precluded. Since 
stomatal aperture is ultimately controlled by the turgor balance 
between cells of the stomatal complex, acid rain by leaching of 
neutrients or through the effect on membrane integrity might have 
increased the tugor of guard cells or decreased the turgor of 
subsidiary or adjacent epidermal cells, which caused greater 
opening of stomata. 
SUMMARY 
The simulated acid rain particularly at pH 3.2 produced 
bifacial white to tan coloured irregular lesions in interveinal 
areas of leaves and marginal chlorosis in tomato. These symptoms 
were more prominent in nematode inoculated acid rain treated 
plants. 
M- incognita Race 1 and simulated acid rain at pH 3.2 singly 
reduced growth, yield and leaf pigment content of tomato 
significantly. These reductions among the modes of treatments 
178 
were greatest in post-inoculation exposure of acid rain at pH 
3.2. Reductions obtained with simulated acid rain at pH 6.6 were 
not significant in all the modes of treatments. Significantly 
greater reductions in the considered parameters of tomato, 
however, followed in pre-inoculation-exposure than the inoculated 
control. Synergistic interaction of the nematode and acid rain 
was noticed and they together caused greater reductions than the 
sum of reductions induced by each, in post-inoculation exposure 
at pH 3.2 and in pre-inoculation-exposure at pH 6.6. In other 
treatments reductions were not synergistic. 
The disease intensity and root penetration and reproduction 
of M. jpcognj-ta Race 1 were significantly increased in all the 
modes of treatments at pH 6.6, however, at pH 3.2 significant 
decreases were recorded. The root-knot nematode induced decrease 
in stpmata and trichome counts and stomatal size. Simulated acid 
rain at pH 6.6 reduced count and size of stomata and enhanced 
count and length of trichomes. Drastically low counts and sisses 
of stomata and trichomes with wide stomatal aperture were 
observed on the leaves of uninoculated or inoculated exposed 
plants to acid rain at pH 3.2, highest being in post-inoculation 
exposures. 
Experiment VI (1) 
INTERACTION OF FLYASH POLLUTED SOIL AND ROOT-KNOT NEMATODE, 
MELOIDOGYNE INCOGNITA RACE 1 ON TOMATO. 
Burning of coal in big industries like power plants, 
particulates air pollutants, besides sulphur dioxide, oxides of 
nitrogen etc., are produced in huge amounts. Particulate air 
pollutants are major problem of developing countries due to lack 
of planned agricultural practices, industrial set-^ up and 
excessive use of fossil fuels specially wood and coal (Das, 
1986). In India, majority of the power generation plants are 
based on coal. Flyash emanating as waste product due to burning 
of coal in thermal power plants spread over a large area 
depending upon the type of coal, burning temperature, height of 
the stack and usual wind direction and its velocity, falling on 
the soil and aerial parts of the plants. Accumulation of 
particulates in the soil in excess modifies the physical as well 
as chemical characteristics of soil. 
The soil near the Thermal Power Plant, Kasimpur, selected 
for the studies on ambient air pollution (Exp. I) was black in 
colour apparently due to heavy deposition of flyash produced by 
the coal burning. Slight better plant growth was obtained at a 
site (Kl) 1 km away from the stack of the power plant (Exp. I). 
Therefore, it was considered desirable to study the interactions 
of this flyash polluted soil and il . incognita Race 1 on tomato 
in glasshouse conditions. 
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MATERIALS AND METHODS 
Collec-tion of soil and plant culture 
Soil collected from two sites designated as Kl and K2, about 
1 and 2 km away from the stack of the Thermal Power Plant, 
Kasimpur, respectively, in usual wind-ward direction, by digging 
upto one feet deep, packed in polythene bags, was brought to 
laboratory. Compost was mixed with the collected soils in ratio 
of 1:3. The mixture of collected soil and compost was filled in 
15 cm clay pots and autoclaved. A set of pots containing mixture 
of clay, sand and compost in 2:1:1 ratio respectively, served as 
control. Three-week-old seedlings of tomato Lycopers icon 
esculentxim Mill. cv. Pusa Ruby were transplanted in pots (one 
seedling/pot). For each soil type, two sets of pots were prepared 
and marked accordingly. In one set of pots for each soil type 
2000 freshly hatched second stage juveniles (J2) of Meloidogyne 
incognita Race 1 obtained from glasshouse maintained pure culture 
were added in each pot. In other set, juveniles were not added. 
Each treatment was replicated five times. Pots were kept at 
glasshouse benches at temperature 25° C ± 2 and were watered 
equally and regularly with a hose directly in the pot near the 
soil surface level. Plants were harvested 75 day after nematode 
inoculation and different parameters of growth and yield and leaf 
pigment content and intensity of root-knot disease and 
reproduction were determined as described in earlier experiments, 
Nematode penetration 
To work out the effect of Kl and K2 soils on penetration of 
juveniles of Meloidogyne incognita Race 1 in tomato roots, 
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autoclaved soils from Kj^, K2 and control were filled separately 
in 6 cm paper pots, in which three-week-old seedlings of tomato 
cv. Pusa Ruby were transplanted. A week later 500 freshly 
hatched second stage juveniles (J2) /pot were added, and number 
of penetrated juveniles was determined as described in Exp. V. 
BESOLTS 
The soil of Kl was almost black in colour mainly due to 
heavy deposition of flyash and suspended particulate matter, 
however, soil of K2 was slightly black in colour. Suspended 
particulate matter was greater at Kl than K2 in comparison to 
control. The pH value of control soil 7.2, while 7.8 and 6.4 of 
Kl and K2 respectively. The concentrations of SO2 and NO2 were 
greater at K2 than Kl (Exp. I - Table 1). 
Effect of flyash polluted soil on tomato 
Soil of both Kl and K2 sites were found beneficial for plant 
growth but to a varying extent (Table 1). In general plant growth 
of tomato was luxuriant in Kl soil and leaves were more green in 
comparison to control or K2. All the considered growth and yield 
parameters of tomato were significantly increased in Kl soil in 
comparison to control. Increase obtained in K2 soil was not 
significant. 
Leaf pigment content of tomato plants grown in soil of Kl 
and K2 were also favourably influenced. Carotenoid and 
chlorophyll a, chlorophyll b and total chlorophyll contents in Kl 
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were significantly increased. Increase in chlorophyll b and total 
chlorophyll contents at Kl was, however, significant only at 
P=0.05 (Table 2). Increase occurred in leaf pigment content of 
plants grown in K2 soil was not significant. 
Interaction of flyash polluted soil and nematode 
Nematode acting alone caused significant reduction in growth 
and yield parameters of tomato. Increase in growth and yield of 
inoculated plants grown in Kl soil and decrease in K2 soil were 
observed when compared to inoculated control (Table 1). Increase 
obtained in soil of Kl + nematode inoculation was significant 
both at P=0.05 and P=0.01 in length and fresh and dry weights of 
shoot and root and flowers and fruits counts in comparison to 
inoculated control. Decrease in K2 soil in inoculated plants, 
however, was not significant. Similar response of leaf pigment 
contents was also observed to Kl and K2 soils with the nematode 
(Table 2). All the leaf pigment contents except chlorophyll b 
(significant only at P=0.05) were significantly increased in 
inoculated plants grown in Kl soil at both P=0.05 and P=0.01 in 
comparison to the inoculated control. 
Penetration of juveniles of IJ. incognita was significantly 
inhibited in Kl soil (Table 3). Conversely, in K2 soil 
significant increase in ingress of juveniles occurred (only at 
P=0.05) in comparison to control. Similar impact of soil types on 
root-knot disease intensity and reproduction of the nematode was 
noticed i.e. number of galls and eggmasses/root was significantly 
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decreased in Kl soil (at P=0.0b and P=0.01) and increased in K2 
soil (at P=0.05) in comparison to control (Table 3). 
DISCUSSION 
Soil of Kl was almost black in colour due to heavy 
accumulation of flyash, probably due to higher concentration of 
SPM in air, besides the fact that this site was nearer to the 
stack of the power plant than K2. Heavy accumulation of flyash 
increases the pH and water holding capacity of the soil (Jones 
and Straughan, 1978; Adriano, 1980; Elseewi, 1980). The lower pH 
and water holding capacity of soil of K2 may be because of 
comparatively low concentration of SPM and higher concentration 
of SO2 and NOp in the air of the area. SO2 and NO2 decrease soil 
pH by combining with water to form corresponding acids (H2SO4, 
HNO3 etc.) (Oden, 1968; Irwin and Williams, 1988). 
Better growth of tomato plants with dark green coloured 
leaves noticed in the soil of Kl may be due to presence of flyash 
in the soil in appropriate amount. Druzina g^ sX- (1983) reported 
presence of nutrients in flyash in enough amount which are 
beneficial for vegetation growth. Increased leaf pigment content 
of tomato may be due to luxuriant growth of plants in Kl soil. 
Greater leaf pigments content in the plants having luxurient 
growth (at Kl) suggested direct correlation of pigment content to 
plant growth. 
Penetration of juveniles of H. incognj.tq Race 1 was 
suppressed in Kl soil most probably due to presence of some toxic 
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substances like polycyclic aromatic hydrocarbons, dibenzofuran 
and dibenzo-p-dioxin, which have been reported in flyash (Helder 
fit al-. 1982; Eiceman and Vandiver, 1983; Sawyer ai si-, 1983). 
The better growth in the same soil indicated the presence of 
these toxic substances in an amount acceptable to tomato, 
otherwise growth of plants should have also been adversely 
affected. Since juveniles of JL. incognita are microscopic 
organisms, small amount of these toxic substances was enough to 
check them. Increased nutrient availability in Kl soil might have 
also contributed towards inhibition in ingress of juveniles. On 
the other hand enhanced penetration in K2 soil may be due to 
absence of toxic substances in higher amount. The pH of this 
soil was slightly acidic, it might have played some role in 
weakening the seedling or facilitating the juvenile activity. 
Wallace (1966) recorded maximum hatching of M- .la^ anl <r^  at pH 
6.4. Greater disease intensity and reproduction in K2 soil having 
6.4 pH supported the findings of Khaleel and Shah (1979), who 
reported higher disease intensity at a pH slightly lower than 
neutral in comparison to neutral pH. 
Antagonistic interaction of Kl soil and the nematode was 
noticed. Increase in growth, yield and leaf pigment content of 
tomato, suggested that Kl soil (probably appropriate amount of 
flyash) significantly reduced the suppressive effect of U. 
incognita. In contrast, synergistic reduction in growth and yield 
in nematode inoculated plants grown in K2 soil indicated that low 
concentration of flyash or slight acidity (pH 6.4) were 
beneficial for the nematode, which reflected into greater ingress 
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of juveniles and higher disease intensity and reproduction of ij. 
incognj-ta Race 1. 
Findings of the present study revealed that variable 
responses of tomato and root-knot nematode (Jl. incognita Race 1) 
to soils collected from two sites in the vicinity of a coal fired 
thermal power plant, were most probably due to variation in the 
amount of flyash deposited in soils. Better growth of tomato 
plants and reduced intensity and reproduction of |1. incognita in 
the soil which was almost black in colour due to heavy 
accumulation of flyash dictates for the thorough study ijQ vitro 
using flyash in different proportions to ascertain the 
reliability as well as significance of the present study and to 
utilize the flyash, a waste product of coal fired industries. 
SOHMARY 
Interaction of soils collected from two sites (Kl and K2) in 
the vicinity of a coal-fired thermal power plant with M. 
incognita Race 1 was studied on tomato. Soil of Kl (1 km away 
from the stack) which was black in colour due to excessive 
accxunulation of flyash, significantly increased all growth and 
yield parameters and leaf pigments of tomato both in uninoculated 
and nematode inoculated plants. In this soil, disease intensity 
and ingress of juveniles and the reproduction of Heloidogvne 
incognita Race 1 were significantly decreased. Conversely, in K2 
soil (2 km away from the stack), significant reduction in growth, 
yield and pigment content and increase in disease intensity and 
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ingress of juveniles and reproduction of the nematode occurred. 
Nematode acted negatively in Kl soil and positively in K2 soil 
leading to antagonistic and synergistic effects on tomato plants, 
respectively. 
Experiment VI (2) 
INTERACTION OF FLYASH AND ROOT-KNOT NEMATODE. MELOIDOGYNE 
INCOGNITA RACE 1 ON TOMATO. 
This experiment was conducted in artificial treatments in 
glasshouse to study soil amended with different amounts (10, 20, 
30, 100%) of flyash and their interaction with VL. incognita 
Race 1 and interactive effects. Impact of flyash amended soils on 
root penetration of juveniles was also investigated. The main 
objective of the present study was to find out the utility of 
flyash which is produced in huge amount in coal-fired industries, 
specially in thermal power plants. The other objective of this 
experiment was to ascertain the reliability of the findings of 
Exp. VI (1), in which significant increase in growth, yield and 
leaf pigment content of tomato and decrease in root-knot disease 
were recorded in the soil collected from the vicinity (1 km away 
from stack) of the Thermal Power Plant, Kasimpur. 
MATERIALS AND METHODS 
Flyash anendment cind plant culture 
Flyash was collected from a thermal power plant (530 MW 
capacity) located at Kasimpur in Aligarh district, which consumes 
3192 MT bituminus type coal daily. Collected flyash was mixed 
with the sun dried field soil of Aligarh in different proportions 
viz. 10%, 20%, 30%, 40%, 50%, 60%, 70%, 90% and 100% by volume. 
The mixtures of soil and flyash were filled in 15 cm clay pots. 
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Thenafter, the pots were autoclaved. Three-week-old seedlings of 
tomato Lycoperslcon ftggulgRtVua Mill. cv. Pusa Ruby raised in 
autoclaved soil (without flyash) were transplanted into each pot 
(one seedling/pot). The set of pots filled with field soil 
(without flyash) served as control. Each treatment was replicated 
five times. Seventy five days later, experiment was terminated 
and different parameters as considered in earlier experiment 
[Exp. VI(1)] were determined. 
Penetration and root-knot disease 
To work out the effect of flyash on root-knot disease caused 
by Meloidogyne incognita Race 1, first effect on root penetration 
by juveniles was studied. Autoclaved flyash amended soil in above 
mentioned proportions was filled in paper pots of 6 cm diameter. 
Tomato seedlings were transplanted in the pots (one seedling/pot) 
with five replications for each treatment. In each pot 500 
freshly hatched second stage juveniles (J2) of M.incognita Race 1 
obtained from the population were added. A set of paper pots 
filled with autoclaved field soil receiving nematode inoculum 
served as control. A week later, seedlings were gently uprooted 
and roots were stained with acid-fuschin-lactophenol and number 
of ingressed juveniles was counted for each treatment. 
To study the interaction of flyash and root-knot nematode 
and their interactive effects on development and reproduction of 
the nematode and growth and yield of tomato, tomato seedlings 
were transplanted into 15 cm diameter clay pots containing 
autoclaved flyash amended soil in 10 different proportions as 
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mentioned above. A week later, 2000 freshly hatched second staged 
juveniles (J2) of IJ. incognj-ta Race 1 were added in each pot. A 
set of pots containing aut,oclaved soil (without flyash) + 2000 
juveniles served as control. Seventy five days after inoculation, 
experiment was terminated and different growth and yield 
parameters and leaf pigment content were determined. 
RESULTS 
Effect of flyash on -bomato 
Plamt growth and yield 
In general tomato, plants responded positively to flyash 
amendment in soil, showing luxurient growth. No symptoms 
attributable to toxicity of flyash was visible on plant parts. 
Leaves of tomato plants growing in flyash amended soils were dark 
green in colour and bigger in size. These effects were most 
pronounced in the treatments having 60-80% flyash. There was 
enhancement in the shoot length even in 10% flyash treatment, but 
significant increase occurred from 50% to 100%. Highest increase 
(34%) was noticed at 70% flyash. A decrease in shoot length, 
however, from 80% onward was obtained when compared to 70%. The 
differences of increase in shoot length at 60% and 70% and 
decrease in shoot length at 70% and 90% and 90% and 100% were 
also significant (Table 1). 
Comparatively, root growth was more favourably affected by 
the application of flyash (Table 1). In all the treatments except 
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10% and 100%, a significant increase in root length occurred when 
compared to control. From 10% to 60%, there was a gradual 
increase in the root length. But in 70% and onward, root length 
gradually declined. Significant increases were recorded from 20% 
to 90% as compared to control. Highest enhancement (54.9%) in 
root growth was noted in the soil amended with 60% flyash. 
Increase in root length in 70% and onward was lower than in 60%. 
These, reductions at 60%, 90% and 100%, were significantly 
different from 60 and 70%. Significant increase in fresh weight 
of shoot was observed in 50%, 60% to 90% treatments in comparison 
to control. From 70% onward, increase in fresh weight of shoot 
was lower in comparison to 70%. Fresh weight of shoot was 
significantly less at 80% to 100% than at 70%. Highest increase 
in fresh weight of shoot and root over control was noticed in 
the 70% treatment. A significant increase in fresh weight of root 
was observed in all the treatments except in 10-30% and 100% 
flyash. From 60% onwards i.e. in 70% to 100% treatments, a 
gradual decrease in fresh weight of root was recorded in 
comparison to 60% flyash. 
Significant increase in dry weight of shoot occurred in the 
soils amended with 50%, 60%, 70%, and 80% flyash at P=0.05 and 
P=0.01 (Table 1). However, 70% flyash level was most effective in 
increasing the dry weight of shoot over control. From 80% to 100% 
dry weight was lower than 70%. This reduction was highest in 100% 
flyash. Similarly, 50% to 60% flyash treatments caused 
significant increase in dry weight of root. However, in 50% and 
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80% treatments increase were significant only at F=0.05. Greatest 
increase in dry weight of root (55.00%) was found in the soil 
amended with 60% flyash.'From 70% onward dry weight of root 
gradually decreased in comparison to 60% flyash level. 
A gradual increase in the concentration of flyash from 10-
80% correspondingly increased the number of flowers and fruits/ 
plant (Table 1). In 90% and 100% a decrease was noticed. the 
increase in flower and fruit counts was however, significant, 
only at 70 and 80% flyash levels. In 60 and 90% flyash 
treatments, it was also significant at P=0.05. 
Leaf pigments 
Leaf pigment content of tomato was favourably influenced by 
the all flyash treatments (Table 2). Increase in carotenoid 
content was significant in 40% and 100% flyash treatments at 
P=0.05 and in 50-90% treatments at both P=0.05 and P=0.01 in 
comparison to control. Highest increase (44.15%) over control was 
recorded at 70% flyash level followed by 80, 90 and 60%. 
Chlorophyll a content of tomato leaves was most favourably 
affected by the application of flyash. Significant increase in 
chlorophyll a content occurred at all the levels of flyash except 
10-30%, in comparison to control (Table 2). Favourable impact of 
flyash on chlorophyll a was highest at 70% followed by 80 and 
60%. The response pattern of chlorophyll b and total chlorophyll 
content was statistically similar. These pigments were 
significantly increased in 40% flyash at only P=0.05, while in 
50% to 100% at both P=0.05 and P=0.01 in comparison to control. 
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Highest increase in chlorophyll b and total chlorophyll occurred 
at 70% followed by 80 and 60% in comparison to control (Table 2). 
Interaction of fIvash and nematode 
Plant growth «md yield 
At all the levels of flyash (except 10-30%) with Jl. 
incognita Race 1 better growth of tomato plants was recorded in 
comparison to inoculated without flyash treatment (control). 
Leaves were bigger in size and more greenish than the control, 
specially at higher levels of flyash (40-100%). Root-knot 
nematode, M. incognita Race 1 alone caused significant reduction 
in all growth and yield parameters. Flyash at 10 and 20% levels 
enhanced the suppressive effect of the nematode, since more 
reductions in growth and yield parameters of tomato were noticed 
in nematode + flyash (10 and 20%) treatments (Table 3). However, 
these reductions in any parameter were not significant in 
comparison to inoculated control. Growth and yield obtained in 
nematode + 30% flyash treatment was equal to inoculated control, 
with slight variation. From 40% onward, significant increase in 
growth and yield was observed in nematode inoculated plants grown 
in flyash amended soil (Table 3). Significant increase in shoot 
length was recorded in 50-90% flyash nematode treatment, in 
comparison to inoculated control. This increase was highest at 
70% and 80%. The fresh and dry weights of shoot were 
significantly greater in nematode inoculated plants grown in 40% 
(at P=0.05) and 50-100% (at P=0.05 and P=0.01) flyash amended 
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soils when compared to inoculated control. Length and fresh and 
dry weights of root were significantly increased at all the 
levels of flyash except 10-30% + H- incognita, in comparison to 
inoculated control. 
A decrease obtained in flower and fruit counts with 10-30% 
flyash-t-nematode was not significant, when compared to inoculated 
control (Table 3). From 40% onward, flyash with the nematode 
increased the yield of tomato. Significant increase in number of 
flowers/plant was observed in 50-90% flyash+nematode than 
inoculated control, highest being at 70 and 80% flyash levels. 
Increase in fruit count was significant in nematode inoculated 
plants grown in flyash amended soil at 40-90% levels, highest 
being at 70% in comparison to inoculated control 
(Table 3). 
Leaf pigments 
The nematode acting alone caused significant reduction in 
carotenoid and chlorophyll content of tomato leaves. Flyash at 
the levels of 10-30% with IL. incogpita reduced (not significant) 
leaf pigment content, however, from 40% onward increase was 
recorded (Table 4). Significant increase in carotenoid content 
was obtained at 40-100% flyash levels with the nematode highest 
at 70% followed by 80 and 90% in comparison to inoculated 
control. Statistically, response of chlorophyll a, chlorophyll b 
and total chlorophyll content to flyash + nematode was similar. 
Significant increases were recorded in nematode inoculated plants 
grown in flyash amended soil at 40% (at P=0.05) and 50-100% (at 
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P=0.05 and P=0.01), with highest at 70% followed by 80% and 60%, 
when compared to inoculated control (Table 4). 
Penetration and root-knot disease 
Root-penetration by the juveniles of M. incognita Race 1 was 
enhanced upto 50% flyash treatment. This increase at 20 and 50% 
flyash levels was significant at P=0.05, however, at 30 and 40% 
it was significant at both P=0.05 and P=0.01 in comparison to 
control (Table 5). Highest root ingress of J2 occurred at 40% 
flyash level. A significant inhibition of juvenile penetration of 
root was found at 70-100% flyash levels, in comparison to 
control. Reduction in penetration (85%) was highest at 100% 
flyash level. 
Root galling induced by M- incognita Race 1 was 
significantly enhanced by 20% (at P=0.05 and P=0.01) and 30% (at 
P=0.05) flyash levels in comparison to control (Table 5). A 
gradual decline in galling was observed with increasing levels of 
flyash from 40 %. This decline was significant from 50% onward, 
with highest at 100% flyash level in comparison to control. 
Eggmass production of the nematode was also greatly influenced by 
flyash (Table 5). Flyash at 10% (at P=0.05) at 20% and 30% (at 
P=:0.05 and P=0.01) levels significantly increased the eggmass 
count/root system, over control.From 40% onward significant 
decrease in eggmass number occurred. Among the three highest 
levels (80-100%) of flyash, reduction in eggmass production was 
in 100% (Table 5). 
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DISCUSSION 
Flyash, when added to soil, in general, was benificial for 
tomato growth. Leaves were more green in colour. Higher 
chlorophyll and carotenoid contents of leaves of plants grown in 
flyash amended soils was apparently the reason for the dark green 
colour of leaves. This enhanced pigment content of leaves and 
better growth of tomato may be due to presence of utilizable 
plant nutrients in flyash (Druaina si al-» 1983). Besides 
nutrients availability to plants, some other factors of soil like 
pH, ion exchange capacity, water holding capacity and pore siae 
also affect the growth of root directly and shoot indirectly. It 
has been shown that flyash can neutralize the pH and increase ion 
exchange capacity, water holding capacity, pore size etc., (Jones 
and Straughan, 1978; Adriano, 1980; Elseewl si al-. 1981). These 
factors might have played favourable role in increasing the 
growth of tomato plants. In all the parameters of growth and 
biomass, most favourable proportions of flyash amendment were 
from 60% to 80%, optimal being at 70% or 80%. Significant 
increase in growth and biomass at these flyash levels indicated 
that at these levels, nutrients, ion exchange capacity, pH, water 
holding capacity, etc. of soil were favourably optimal for plant 
growth. Some toxic compounds like dibenzofuran and dibenzo-p-
dioxine mixtures have also been reported from flyash (Helder jgt 
al., 1982; Eiceman and Vandiver, 1983; Sawyer et fil., 1983). 
Decline in growth and biomass at higher levels (90 and 100%) of 
flyash in comparison to lower levels specially 70-80%, may be due 
to presence of sufficient concentration of these toxic substances 
2 04 
or excessive accumulation of nutrients in the soil to affect the 
plant growth. Increase in plant growth and biomass evidently 
enhanced the yield. 
Effect of different levels of flyash on root penetration of 
juveniles of U. incognita Race 1 showed that first four 
concentrations (10-40%) of flyash provided favourable condition 
for root ingress. Penetration of juveniles might have been 
favoured by better pore size for the movement, water holding 
capacity for the survival and availability of tender root for 
penetration and feeding. Inhibition in penetration of juveniles 
in the flyash treatments from 50% onward indicated development of 
some kind of unfavourable condition in the soil. The factors 
which might have contributed towards inhibition in penetration 
may be high soil alkalinity or presence of some toxic substances 
in sufficient quantity in soil due to addition of flyash. 
Combined effects of flyash and JJ- inpognita were quite 
different from their individual and additive effects. First three 
levels of flyash (10-30%) with the nematode synergistically 
reduced growth and yield parameters of tomato. For example, 
additive effects of 30% flyash and 2000 juveniles should give 
5.8 g dry weight of shoot against 4.96 g obtained in the same 
treatment. This synergistic interaction is apparently due to 
greater root penetration by juveniles at these levels of flyash. 
Addition of flyash to the soil apparently created favourable 
conditions for juvenile penetration. As a result severe root 
galling occurred, causing significant reduction in growth. In 
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rest of the treatments of flyash (40-100%) + nematode, 
antagonistic effect was recorded on all growth and yield 
parauneters and leaf pigment content. For example, against the 
7.1 g dry weight of shoot (additive effect of 80% flyash + 
nematode) the obtained weight was 8.1 g. In all the treatments, 
where antagonistic effect of flyash (40-100%) and nematode was 
recorded, penetration of juveniles and reproduction of H. 
incognita and disease intensity were reduced. 
Reduced growth and biomass in 90% and 100% flyash treatments 
in which intensity of root-knot disease was very low indicated 
the possibility of excess of nutrients and some toxic substances 
present in flyash at these levels of which were unfavourable for 
tomato growth. 
Two concentrations of flyash (70% & 80%) were found most 
injurious for root-knot nematode and most favourable for the 
growth and yield of tomato. The leaf pigments like carotenoid 
and cholorophylls depend upon the health of the plant and vice-
versa, while health of the plant depends mainly upon the 
economics of soil. Deficiency or excess of essential nutrients or 
presence of toxic substances in soil, above the tolerant level of 
a particular plant species, in addition to any pathogen, greatly 
influence the plant growth quantitatively as well as 
qualitatively. Leaves, the most delicate part of plant body are 
very much sensitive to such alterations of the environment either 
in soil or air. At lower levels of flyash, where nematode disease 
was severe, reduction in carotenoid and chlorophyll contents was 
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recorded. Similarly at highest level too, the reduction followed 
most probably because of excess of nutrients and presence of 
toxic substances due 90% and 100% flyash. 
The present study revealed that, in general, flyash was 
beneficial for the cultivation of crops like tomato. 
Additionally, it suppressed root-knot disease on tomato. These 
effects were however, related to the level of flyash in soil. 
This information may be utilized in future to make use of flyash, 
which is a problem of bigger coal fired industries like thermal 
power plants etc.. In ambient conditions it would be difficult to 
maintain flyash in crop fields at levels of 50 or 60%, for 
balanced effect to get better growth and disease free crop 
specially from root-knot nematode. However, it would be advisible 
to utilize the knowledge for integrated management, using flyash 
for better plant growth, and intergrating it with some nematicide 
for the root-knot nematode. 
SUMMARY 
Response of tomato and Meloidogyne incognita Race 1 to 
flyash amended soils using different levels of flyash (10-100%) 
was tested in artificial treatment condition. Flyash at all the 
levels favourably influenced growth, yield and leaf pigment 
content of tomato. This favourable effect was significant at 50-
90% flyash levels, being maximum at 70% and 80%. Flyash at 10-40% 
increased the root penetration of juveniles and root-knot disease 
intensity. Highest penetration and disease intensity were 
recorded at 20% and 30%. In 40% and onward root penetration and 
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reproduction of M- incognita Race 1 was gradually inhibited and 
disease intensity was reduced. At 10-30% flyash levels, the 
nematode showed positive interaction with flyash and caused 
synergistic reduction in growth, yield and leaf pigment content 
of tomato. However, from 40% and onward adverse effects of the 
nematode were suppressed leading to antagonistic interaction of 
flyash with the nematode which reflected in increase of all the 
parameters of tomato considered in the study. Flyash at 70% and 
80% was found most suitable for the growth and yield of tomato 
both on uninoculated and inoculated plants. 
Experiment VII 
INTERACTION OF HEAVY METAL SOIL POLLOTANTS AND ROOT-KNOT 
NEMATODE, MELQIDOGYNE INCOGNITA RACE 1 ON TOMATO. 
In recent years heavy metals have received much attention in 
ecotoxicological research because of their increasing input into 
the environment, extended persistence and widespread toxicity. 
Excessive accumulation of heavy metals like mercury, nickel, 
copper, lead etc., in soil originating from mining and processing 
of metals and from other industrial, urban and agricultural 
activities of man, have been reported (Schraufnagel, 1962; 
Hutchinson and Whitby, 1974; Bisessar fit al., 1983) and their 
influences on soil fertility, plant development and yield have 
been studied (Valee and Olmer, 1972; Kabata-Pendias and Pendias, 
1973; Khan fit si.. 1988a; Khan and JQian, 1989a). 
A perusal of literature shows that metal impacts on crop 
plants have not received due attention and there have been only a 
few attempts to ascertain the injurious and tolerant levels of 
heavy metal pollutants for a given crop. Similarly, information 
on interaction of plant parasitic nematodes and heavy metals is 
also very scanty. 
In the present investigations interactions of mercury (Hg), 
nickel (Ni) and copper (Cu) in five concentrations (10, 50, 100, 
200 and 400 ppm) with MeloidogynQ incognita Race 1 have been 
studied separately on tomato in artificial treatment conditions. 
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In addition, effect of these metals on penetration of nematode 
juveniles in tomato roots has also been determined. 
MATERIALS AHD METHODS 
Metal treatments 
Five concentrations via. 10, 50, 100, 200 and 400 ppm of 
mercury, nickel and copper, using their chloride forms (HgCl2. 
NiCl2 6H2O, CuCl2 2H2O) as sources, were prepared in distilled 
water. In 15 cm clay pots containing 1.5 kg autoclaved soil 
(clay, sand and compost 2:1:1), metal solution of different 
concentrations (550 ml/pot) was added separately. This quantity 
(550 ml) was found sufficient to achieve complete wetting and 
homogenous distribution of metal solution in 1.5 kg of soil. 
Plant Culture 
Three-week-old seedlings of tomato, Lycoper3icon eaculentum 
Mill. cv. E*usa Ruby, raised in unpolluted and sterilized soil, 
were transplanted in the 15 cm clay pots containing 1.5 kg soil + 
550 ml metal solution. For each concentration of either metal (Hg 
or Ni or Cu), following treatments were made. 
Dntreated (Control) sets 
1. Plant + 0 J2 (Uninoculated) 
2. Plant + 2000 Jg (Inoculated) 
Treated sets 
1. Plant + 550 ml solution + 0 Jg (Uninoculated) 
2. Plant + 550 ml solution + 2000 J2 (Inoculated) 
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In each pot of inoculated treatments 2000 freshly hatched 
second stage juveniles (J2) of Meloidogyne iRQQfflt^ ita Race 1 
obtained from pure culture were added after a week of seedling 
transplantation. In control set metal solution was not added. 
Each treatment was replicated five times. All the pots were 
placed at glasshouse benches (temperature 25*-'C ±2). Pots were 
periodically and equally irrigated with hose by adding water 
directly near the soil surface. Excessive amount of water was not 
added any time in the pots to avoid the loss of heavy metal 
present in the soil of pots. Plants were regularly watched for 
the appearance of any visible injury due to metal toxicity and 
number of flower buds developing on plants were counted. 
Experiment was terminated 75 days after inoculation and 
different parameters of growth, biomass, yield, and pigment 
content and epidermal characters of leaves and number of galls 
and eggmasses/root system of tomato plants were determined as 
described in Exp. II. 
Nema-tode penetration 
For the impact assessment of heavy metals on penetration of 
juveniles in tomato roots, 100g water-washed-sterilized sand was 
taken in 6 cm paper pots, in which 35 ml solution of each 
concentrati on of Hg, Ni and Cu was added separately. In control 
set distilled water was added in place of metal solution. 
Thenafter, three-week-old seedlings of tomato cv. Pusa Ruby were 
transplanted (one seedling/pot). A week later, 500 freshly 
hatched second stage juveniles (J2) of U. Incognita Race 1 were 
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added in each pot. A week after inoculation, seedlings were 
uprooted and juvenile penetration in roots was determined by the 
method described in Experiment V. 
RESULTS 
TT^teraction of mercury and nematode 
Symptoms 
Tomato plants treated with mercury exhibited foliar symptoms 
like marginal and interveinal chlorosis and tip blackening of 
leaves. Stunted plant growth, abnormally small leaves and pre-
mature fall of leaves and flowers were also observed. These 
symptoms were pronounced at all the concentrations especially at 
200 and 400 ppm of Hg. Severely affected leaves turned brown. 
During the early phase of growth wilting of leaves was also 
observed. Fruits were few, small, shrinked and green in colour. 
There was no difference in uninoculated and nematode inoculated 
plants in relation to time of appearance and severity of the Hg 
toxicity symptoms. However, at 10 ppm inoculated plant showed 
more chlorosis than in uninoculated plants treated with the same 
concentration of Hg. Slight discolouration and severe restricted 
lateral growth of roots specially at 100, 200 and 400 ppm 
occurred. 
Plant growth and yield 
In general, nematode inoculated or mercury treated plants 
exhibited poor growth and yield. Mercury at all the 
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concentrations significantly reduced all the growth parameters 
and yield (number of fruits/plants) (Table 1). Reductions in 
shoot length and fresh and dry weights of roots of uninoculated 
plant treated with 10 ppm were significant only at P=0.05. 
Highest reduction in all the parameters was recorded at 400 ppm 
Hg, both in uninoculated and inoculated treatments. At 400 ppm 
reductions in growth and yield parameters of uninoculated and 
inoculated plants were almost equal (Table 1). 
Leaf pigments 
All the concentrations of Hg except 10 ppm caused 
significant reductions in carotenoid and chlorophyll content of 
leaves of uninoculated plants. At 10 ppm, reductions were 
significant only at P=0.05, while chlorophyll b was not 
significantly reduced. Leaves of root-knot nematode infected 
plants exhibited significantly reduced pigment content (at P=0.05 
and P=0.01), however, reduction in chlorophyll b content was 
significant only at F=0.05. The nematode and mercury at 10, 50 
and 100 ppm together caused significant reduction in carotenoid 
in comparison to inoculated control. Similar reduction was also 
recorded for chlorophyll a at all the concentrations. 
Significant reduction in chlorophyll b content occurred only with 
100 ppm (at P=0.05) and total chlorophyll at 50, 100, 400 ppm (at 
P=0.05 and P=0.01) and at 10 ppm (at P=0.05), in comparison to 
inoculated control. With other concentrations of Hg reductions 
were not significant in inoculated plants. In general, 
chlorophyll a was more sensitive to mercury toxicity than 
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chlorophyll b. At 200 and 400 ppm, leaf pigment contents of 
inoculated and uninoculated plants were more or less equal 
(Table 2). 
Leaf epidermal characters 
In root-knot nematode infected plants low counts of 
trichomes and stomata, and smaller stomatal size were observed on 
the leaf surfaces (Table 3). Length of trichome did not show any 
variation. Mercury at all the concentrations except 10 ppm 
decreased stomata and trichomes counts. Reductions in size and 
aperture of stomata and in length of trichomes also occurred. 
This effect was concentration based, as lowest counts and reduced 
sizes of stomata and trichomes were recorded at 400 ppm followed 
by 200 ppm. At 200 and 400 ppm Hg, epidermal characters of 
inoculated and uninoculated were almost similar to each other 
(Table 3). 
Pene-bration and root-knot nematode 
All the concentrations of mercury significantly inhibited 
the penetration of juveniles in tomato roots (Table 4). At 200 
and 400 ppm juveniles could not penetrate into roots. Significant 
decrease in number of galls and eggmasses/root was also recorded 
with all the concentration of Hg. No root galling and eggmass 
production was noticed with at 200 and 400 ppm and 100-400 ppm 
respectively. Eggmass production was more affected than the gall 
formation (Table 4). 
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Interacl^jon of ntckftl and nematode 
Symp'boms 
Pronounced stunting of plants with interveinal chlorosis and 
necrosis of leaves was found in nickel treated plants especially 
at higher concentrations (except 10 and 50 ppm). Plants produced 
less number of branches having few and small leaves and pre-
mature fall of leaves occurred. Slight curling of leaves at 400 
ppm of Ni was also noticed. At low concentrations of Ni (10 and 
50 ppm) leaves became yellowish green in colour. In inoculated 
treated plants the foliar symptoms attributed to nickel toxicity 
were more pronounced than in uninoculated treated plants. Like 
mercury, lateral growth of root was also limited in nickel 
treatments, however, it was not so severe. 
Plant growth and yield 
All the concentrations of nickel except 10 ppm and M-
incognlta Race 1, individually caused significant reductions in 
all the growth parameters and number of fruit of tomato plants. 
However, inoculated-10 ppm-treated plants exhibited significant 
reductions (at P=0.05) in growth parameters except fresh and dry 
weights of shoot in comparison to inoculated control (Table 5). 
All the concentrations of nickel with the nematode caused greater 
reductions in all the growth and yield parameters than in 
inoculated control. Highest reductions in inoculated and 
uninoculated plants occurred at 400 ppm, However, per cent 
reduction were almost seune in both. (Table 5). 
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Leaf pigments 
Higher concentrations (100, 200 and 400 ppin) of nickel and 
M- incognita Race 1 singly significantly reduced all the pigment 
contents of tomato leaves except chlorophyll b of inoculated 
plants at 100 and 200 ppm (significant only at P=0.05), in 
comparison to uninoculated. Vfhen these concentrations of Ni and 
U. incognita were together similar significant reductions 
occurred in comparison to inoculated controls (Table 6). 
Reductions in inoculated plants at 50 ppm in carotenoid, 
chlorophyll a and total chlorophyll contents were significant 
only at P=0.06. Nickel at 50 ppm without nematode also signifi-
cantly reduced chlorophyll a and total chlorophyll at P=0.05. 
Nickel was more toxic to chlorophyll a than chlorophyll b 
(Table 6). 
Leaf epidermal characters 
Nickel at all the concentrations except 10 ppm and IJ. 
incognita Race 1 individually decreased the number and siae of 
stomata and trichomes on tomato leaves (Table 7). These 
reductions were greater at 400 ppm. In nematode inoculated Ni 
treated plants, this effect was most pronounced at 100 ppm 
followed by 200 ppm. 
Penetration and root-knot disease 
Penetration of juveniles (J2) and intensity of root-knot 
disease and reproduction of M- incognita Race 1 was favourably 
influenced by nickel at all the concentrations except 400 ppm 
(Table 8). Ingress of nematode juveniles was significantly 
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enhanced at 10 ppm (at P=0.05) and 50-200 ppm (at P=0.05 and 
P=0.01) in comparison to the control. Inhibition in juveniles 
penetration recorded at 400 ppm was not significant. Intensity of 
root-knot disease (number of galls/root) was significantly higher 
at 10 ppm (at P=0.05), 50 and 100 ppm (at P=0.05 and P=0.01) than 
control. Nickel, however, at 400 ppm significantly lowered the 
disease intensity (at P=0.05). Reproduction (number of 
eggmasses/root) of JJ. incognita Race 1 was significantly higher 
at 10 ppm (at P=0.05) and 50 ppm (at P=0.05 and P=0.01) in 
comparison to control. Significant decrease in number of 
eggmasses/root, however, occurred at 400 ppm. Comparatively, 
nickel more favourably influenced intensity of the disease than 
the reproduction of the nematode. 
Interaction of copper and nematode 
Symptoms 
Copper induced visible symptoms on tomato foliage were 
wilting, marginal chlorosis and premature fall of leaves. These 
symptoms were clearly visible on the plants treated with 200 and 
400 ppm concentrations. Copper at 10 and 50 ppm did not produce 
any visible symptoms on plants. The severity of these symptoms 
was greater in nematode inoculated-copper treated plants. A few 
leaves completely brown in colour were also noticed in 
inoculated-400 ppm Cu treated plants. Poor lateral root growth 
was also noticed in both inoculated and Cu treated plants. 
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Plant growth cmd yield 
Copper at 100 ppm (at P=0.05), 200 and 400 ppm (at P=:0.05 
and P=0.01) significantly reduced the growth and yield parameters 
of tomato. The reductions were concentration dependent, highest 
being at 400 ppm (Table 9). Root-knot nematode alone also caused 
significant reductions in growth and yield parameters. Root-knot 
nematode with copper at 50 ppm at P=0.05 and 100-400 ppm at 
P=0.05 and P=0.01 caused significantly greater reductions in all 
growth parameters than in inoculated control. Reductions in 
number of fruits/plant caused by the nematode with 200 and 400 
ppm were also significantly greater (at P=0.05) than in 
inoculated plants (control). 
Leaf pigments 
The nematode and copper (at 200 and 400 ppm) individually 
caused significant reductions in leaf pigment content. Reduction 
in chlorophyll b content due to Cu treatments, however, was 
significant only at 400 ppm in comparison to uninoculated control 
(Table 10). Nematode and copper (200 and 400 ppm) together also 
caused significant reductions when compared to nematode 
inoculated control. In addition, reduction in chlorophyll a 
content was also significant at 100 ppm Gu in inoculated plants. 
Leaf epidermal characters 
Both mercury and root-knot nematode individually changed 
epidermal characters in the form of decreased count and size of 
stomata and trichomes on tomato leaves (Table 11). Lowest counts 
and sizes of stomata and trichomes were observed in plants 
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229 
treated with 400 ppm Cu, however, the measurements of stomata and 
trichomes on 10 and 50 ppm Cu treated plants did not differ from 
uninoculated control. When Cu (at 200 ppm and 400 ppm) and the 
nematode were combined, these effects on epidermal characters of 
leaves were greater than observed for nematode or Cu (at 200 &. 
400 ppm) alone. 
Penetration and root-knot disease 
Copper in all the concentrations favourably influenced 
juveniles penetration, intensity of the disease and reproduction 
of the nematode (Table 12). Ingress of juveniles, intensity of 
root-knot disease (number of galls/root) and reproduction of JJ. 
incognita Race 1 (number of eggmasses/root) were significantly 
higher in 100-400 ppm Cu treated plants than the inoculated 
control. Favourable impacts of copper in these respects was 
greatest at 200 ppm, while at 400 ppm slight decrease in number 
of penetrated juveniles, number of galls and eggmasses/root was 
noticed when compared to 200 ppm (Table 12). 
DISCUSSION 
Mercury, nickel and copper were found toxic to tomato 
plants. In overall assessment on different parameters of growth 
and yield, the toxic impacts of the heavy metals were Hg > Ni > 
Cu. Mercury, in general, has been reported most toxic heavy metal 
to living organism (Rai fii al., 1981). Similarly, greater adverse 
effects of nickel than copper have also been noticed by various 
researchers (Foster, 1954; Blsessar et al., 1983; Hale si al.. 
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1986). The heavy metals, in general, induced marginal and 
interveinal chlorosis and reduced size of leaves, pre-mature fall 
of leaves and flowers, stunted plant growth, restricted lateral 
root growth etc., in tomato plants. Such symptoms specially due 
to Ni and Cu have been earlier observed in celery and tomato 
plants (Bisessar fii al-. 1983; Hale fit al-. 1985). Nickel and 
copper induced foliar symptoms in tomato were resembling the 
maganese and iron deficiency symptoms, respectively. This type of 
resemblance has also been earlier recorded by Hale ei al- (1985) 
in tomato. 
Heavy metals are absorbed by roots and accumulate in 
different parts of plant body where they cause toxic effects in 
various forms (Bisessar fit ajL. , 1983) They may interact with 
numerous biological molecules within the cell (Passaw et al.. 
1961) The foliar symptoms specially chlorosis and necrosis 
observed in tomato plants may be due to toxic effects of heavy 
metals on leaf pigments. Nickel, copper and cobalt are reported 
to decrease leaf chlorophyll content in tomato and lentil plants 
(Hale fii jal. , 1985; Khan fii al-, 1988a; Khan and Khan, 1989a). 
Studies on phototrophic microorganisms suggest that ions of 
mercury, nickel and copper (Hg"*"^ , Ni"*"*", Cu"*"^ ) inhibit the 
synthesis of pigments or cause their destruction, which 
ultimately reduce the photosynthetic activity and hence 
photosynthesis (Stratton, 1987). High concentrations of heavy 
metals may cause irreversible damage to chloroplast lamellae 
(Ovemell, 1975), preventing photosynthesis and causing cell 
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death (Sorentino, 1979). Therefore, in addition to direct effect 
of heavy metals on leaf pigments, direct damage to chloroplast 
might have also contributed to the reduction of carotenoid and 
chlorophyll contents. 
Reduced photosynthetic activity as a result of poor pigment 
content of treated plants reflected into their overall poor 
growth of tomato. Growth and yield reductions of the plants were 
metal concentration dependent. Mercury caused significant 
reductions at all the concentrations used, while nickel and 
copper from 50 and 100 ppm respectively, onwards. These variable 
responses of tomato suggested about the differential toxicity of 
Hg, Ni and Cu. Significant reductions induced by Ni, Cu and Co in 
celery, tomato and lentil plants have been earlier observed 
(Bisessar si- sl-, 1983; Bale ei al-. 1985; Khan et al. , 1987, 
1988a; Khan and Khan, 1989a). Suppressive effect of metals was 
more on root than shoot, since the roots were in direct contact 
of heavy metal polluted soil. Induced suppression in root growth 
of Picea abies seedlings by Zn, Cd and Hg (Goodbold and 
Huttermann, 1985) and of lentil by Ni, Cu, and Co (Khan et al.. 
1987, 1988a; Khan and Khan, 1989a) has been reported. Negative 
effect of heavy metals on soil respiration and soil enzyme 
activities (Tyler, 1974, 1975) might have also contributed 
towards poor root growth. 
Inhibited ingress of juveniles of M- lncognj.t^ Race 1, and 
reduced intensity of root-knot disease and reproduction of 
nematode by mercury at all the concentrations used, suggested 
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adverse effects of this metal on the nematode. Adverse effeattf of 
some heavy metals on nematode populations have been reported 
earlier (Bisessar, 1982; Howell, 1982, 1983). Khan fii al- (1986) 
observed significant inhibition in U- incognita juveniles 
penetration in pepper roots due to mercury. Mercury is a highly 
toxic substance for microorganisms (Maliszewska ^ al-, 1985). 
However, nickel and copper were beneficial to root-knot 
nematodes. These metals at all the concentration (except 400 ppm 
of Ni) enhanced juvenile penetration and disease intensity and 
nematodes efficiently produced eggs, as number of galls and 
eggmasses/root was significantly higher. In Ni and Cu treated 
plants galls were bigger and club shaped. Bisessar et ^1. (1983) 
also observed similar results on U- hapla infected celery plants 
in Ni (7500 ppm), Cu (800 ppm) and Co (100 ppm) polluted soil 
near a nickel refinery. This increased penetration, disease 
intensity and reproduction of root-knot nematode indicated that 
either Ni and Cu activated juvenile activity or rendered the 
tomato plants vulnerable to greater nematode dsimage. 
Root-knot nematode, if. incognita Race 1 and Hg at 10 ppm 
interacted positively and synergistically reduced all growth and 
yield parameters and leaf pigment contents of tomato. In rest of 
the concentrations with the nematode negative interactions were 
recorded and Hg concentrations were antagonistic for the 
nematode. This interactive effect reduced the adverse effect of 
the nematode on plants. However, Ni (except 400 ppm) and Cu at 
all concentrations used and {j. incognita Race 1 together 
interacted positively and synergistically reduced the growth, 
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yield and leaf pigments of tomato plants. In 10 ppm Hg treated 
plants 89 galls against 119 galls (control)/root were formed. 
Despite reduction in number of galls, synergistic interaction in 
10 ppm Hg and nematode suggested the enhanced impact of 10 ppm Hg 
in inoculated plants. This enhanced impact might have occurred 
due to greater uptake of Hg by nematode infected roots. Bisessar 
at al. (1983) recorded significantly more accumulation of heavy 
metals in root, stem and leaves of U. hapla infected celery 
plants grown in heavy metal polluted soil. Apparently nickel and 
copper favoured the infection of U. incognita while nematode 
facilitated the uptake of these metals in root, which reflected 
in synergistically reduced growth, yield and leaf pigment content 
of tomato plants. 
Low counts and size of stomata with small apertures both in 
metal treated and inoculated plant may be self-induced structural 
changes in tomato plants to check the transpiration in order to 
overcome water stressed condition brought by dysfunctioning of 
root physiology due to metal toxicity or root-knot infection. 
Overall poor growth of plant may also be the reason for leaf 
epidermal transformations. Heavy metal responsible for visible 
foliar injuries, might have directly caused these injuries in 
stomata and trichomes through their toxic effects, since heavy 
metals are absorbed by root and accumulate in root, stem and 
leaves where they induce toxic effects (Bisessar fii al-. 1983; 
Hale fii ^ . , 1985). It is evident from the results that the 
reductions in counts and size of stomata and trichomes were 
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dependent on the concentration of Eg, Ni or Cu and root-knot 
disease intensity. 
SOMMARY 
Interactions of root-knot nematode, Meloidogyne incognita 
Race 1 with five concentrations (10, 50, 100, 200 and 400 ppm) of 
Hg, Ni and Cu on tomato was tested in artificial treatments. 
Effects of metal concentration on juvenile penetration of root 
were also examined. The metal treatments, specially at higher 
concentrations induced visible toxic injuries like marginal and 
interveinal chlorosis abnormally small leaf size premature fall 
and wilting of leaves and overall stunted appearance of tomato 
plants. The relative toxicity of the metals used could be put in 
the following order • Hg > Ni > Cu. Mercury at all the 
concentrations used significantly reduced growth, yield and leaf 
pigment content of tomato. Nickel also caused similar reductions 
in these parameters except at 10 ppm. However, Cu at only 400 ppm 
could significantly reduce growth, yield etc. 
Mercury at all the concentrations inhibited the ingress of 
juveniles in tomato roots, reduced intensity of root-knot disease 
and suppressed the reproduction of U- incognita Race 1. However, 
Ni (except 400 ppm) and Cu at all the concentrations used 
favourably influenced penetration, disease intensity and 
reproduction of the nematode. 
Nematode and Hg interacted positively only at 10 ppm while 
at other concentrations negatively. Conversely, positive 
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interaction of Ni (except 400 ppm) and Cu with the nematode were 
recorded, which together reduced growth, yield and leaf pigment 
content of tomato synergistically. Heavy metals and the nematode 
individually or together adversely affected the leaf epidermal 
characters. Low contents and sizes of stomata and trichomes on 
both leaf surfaces were observed in all the treatments of metal 
and the nematode. These effects were most pronounced with Hg and 
least with Cu. In general, impact of heavy metals on all the 
parameters determined was metal and concentration dependent. 
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